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NEW RADIO EQUIPMENT FOR U. S. COAST GUARD SERVICE 


This equipment has an output of two kilowatts, employs seven vacuum tubes of two kinds, those shown being a new 
type of 1-kw. tube requiring a direct-current plate supply of only 2000 volts. The instruments at the top 
of the panels indicate the antenna current, plate current, plate voltage, and filament voltage 
(See page 549) 


Super-power in Japan Coast Guard Radio 
Shaft Whipping Studies Internal Friction of Shafts 

X-ray Crystal Analysis Compressor Flywheel Design 
Metals Through the Microscope 19th Century Mill Electrification 


About one third the tubes for a 52,000 sq. ft. condenser 


Condenser Tubes Made By 
a Condenser Manufacturer CRESCENT 


RESCENT BRAND Tubes are made by the Wheeler BRAN:D 
Condenser & Engineering Company to meet the rigid ; ie 
requirements of condenser practice. So much of the 
continued satisfactory performance of a condenser depends 
upon the tubes used therein that constant check must be kept upon the 
materials and methods of manufacture which result in the longest life. As 
condenser manufacturers, the Wheeler Company has access to records showing 
the length of life and service rendered by each lot of 


tubes, and is in a position to continually improve its 


WHEELERL procedure and method of manufacturing tubes. 
PRODUCTS INCLUDE 
CONDENSERS-ALLTYPES Pure virgin metal, electric furnace melting, labora- 
COOLING TOWERS - HEATERS tory-controlled heat treating and drawing, and the 
STEAM JET AIR PUMPS ib 
HEAT EXCHANGERS 1000-lb. pressure test are some of the reasons why 
EXPANSION JOINTS shoul 
eanatoas you should use Crescent Brand Tubes. 
BOILER FEED PUMPS 
CENTRIFUGAL PUMPS 
pees es WHEELER. CONDENSER. & ENGINEERING CO. 


BRASS & COPPER PIPE 


149 Broadway, New York 
Works - CARTERET, N.J.. NEWBURGH NG « 
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NearlySixBillionsAppraised 
($6,000,000,000) 


The value of public utility, 
manufacturing and other 
properties appraised by 
Stone & Webster is nearly 
six billions ($6,000,000,000) 


STONE & WEBSTER 


INCORPORATED 


N 
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XDCPICTICC~ 


Mone of it—has taught us above all else that the 
Engineer and Constructor who visualizes himself as 
the owner and operator of his own projects cannot help 
but satisfy the most exacting client. 


If you contemplate building or enlarging, send for a copy 
of “Power and Industrial Development”—a brochure that 
tells who we are and what we can do for you. 


THE U-G-I-CONTRACTING COMPANY 


Philadelphia, U. S. A. 


Peoples Gas Building 


Union Trust Building 
CHICAGO 


BUILDERS OF SO ee 


Industrial Plants Steam Power Plants Hydro Developments Gas Plants Public Works 
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GENERAL ELECTRIC REVIEW 


Pittsburgh, Pa. 


To protect the World’s largest boiler 


ELLIOTT 
DEAERATORS 


eliminate 
corrosion 

in boilers, 
economizers, 


piping 


N-835 


GENERAL SALES OFFICES AND WORKS 


CLEVELAND,NEW YORK, SAS CITY, 
PHILADE! ELPHLA PINTSOURG ST LOU LOUIS SYRACUSE 


The illustration shows a shop view of an Elliott Deaerator which is’ 
being installed in the Cecil Plant of the Allegheny County Steam 
Heating Company, Pittsburgh, Pa., in connection with a mammoth 
boiler which is said to be the largest in the world.* 


The Cecil Plant is on the Allegheny River, in the heart of Pittsburgh, 
and will supply central-station steam-heating service to the downtown 
business district. 


The Elliott Deaerator will protect against corrosion the boiler and the 
network of steam piping, by furnishing deaerated water and hence air- 
free steam. 


*Some of the data on this boiler: Drums, 60 in. dia. by 34 ft. long; 1173 
tubes, 24 ft. long, which together with wall cooling tubes make 6 miles 
of 4in. tubing. Heating surface, 32,750 sq.ft. Based on heating surface, 
the boiler is nominally rated at 3000 h.p., but is capable of operating 
continuously at 300 per cent of rated capacity. Maximum rate of 
evaporation, 200 tons per hour, or about 400 per cent of rating. Dwight 
P. Robinson & Co., Engineers and Constructors. 


EXECUTIVE OFFICE-PITTSBURGH, PA, 


JEANNETTE, PA. " PRODUCTS : 
ICT OFFICES:ATLANTA.BALTIMORE, CONDENSERS. AIR EJECTORS. FILTER 
BOSTON, CHICAGO. CINCINNATL-DETROIT DEAERATORS. STRAINERS, SEPARA nS 


EXTRACTORS. AUTOMA: Fic VALVES 
SLow-OFF VALVES. HEATERS = e_e 0 4! 
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Type “M” Elliott 
Deaerator unit, 
500,000 Ibs. per hour 
capacity, built for the 
Allegheny County 
Steam Heating Co. 
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What automatic welding 
showed him about rods 


‘‘When I found out by actual test that PAGE- _ to doit. If the poorer metal makes the machine 
ARMCO rods gave best results in my auto’ stutter it must slow up the man. 
matic welder, it started me thinking. “T'll pay a little more for an inexpensive thing 
“Perhaps a good welder can do a fair job _ like welding rods any day to save a welder’s 


with less uniform, less free-flowing metal than time. I’m confident we are now getting better 
PAGE-ARMCO, but it must take him longer — work for less money.” 


Try PAGE-ARMCO. If you don’t have the same ex- 
perience, let us know. Mail us a card and we will send 
you an illustrated folder showing how good rods cut weld- 
ing costs—and arrange for your PAGE-ARMCO test. 


Page Steel and Wire Company 


Bridgeport, Connecticut 
District Offices: Chicago New York Pittsburgh San Francisco 


An Associate Company of the American Chain Company, Inc., of Bridgeport, Conn. 


MANUFACTURERS OF 
RODS —Armco Ingot Iron and Special Analysis Steels 
WIRE —Plain and Galvanized—Rope, Telephone, Telegraph, Bond, Strand, Gas Welding Wire and{Electrodes 


FENCE—Woven Wire for Farm and Railway Right-of-Way, Page Hi-Way Guard, Wire Link Protection for Industrial 
Plants, Lawns, Schools and Estates, and Factory Partition. 


PAGE-ARMCO 


Welding Wire and Electrodes 
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WINE O UA LLED 
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Prompt delivery of Anacon- 
da Copper Wire is assured 


s 
os 


—at all times—from six con- 
veniently located Mills, hav- 
ing ample facilities to take 
care of every demand. 


TREATS ORES 
Ra eR 
as EPG Beth 


Anaconda Copper Wire 
Products include Bare, 
Weatherproof and Slow 
Burning Wire and Cable, -& 
Paper Insulated, Lead 
Sheathed and Varnished 
Cambric Insulated, Lead 
Sheathed or Braid Covered 
Power Cable, Copper and 
Hitenso Trolley Wire. 


a 
ANACONDA WIRE PRODUCTS 


AANACONDA COPPER MINING COMPANY ‘THE AMERICAN BRASS COMPANY 
General Sales Offices — Rod, Wire 2 Cable Products — 25 Broadway, New York 
In Chicago: 111 W. Washington St. Offices and Agencies in principal cities 
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MILLIKEN STANDARD RADIO 
: TOWERS, 300 FEET HIGH, SUP- 
il PORTING ANTENNAE FOR 
! GENERAL ELECTRIC COM- 
4 PANY BROADCASTING 
\ STATION, SCHENEC- 
| ™\ TADY, N. Y.,, ERECTED 


va 


IN 1924 


~ 


— 


Naa Standard Radio Towers, 300 feet high, are being used by the General Electric Company 
at its new experimental broadcasting station, Schenectady. These towers were selected by 
the leading broadcasting station in the world for stability, reliability, long life and economy, to secure 
the best results in long distance service. 


The General Electric Company leads in all electrical development and specialized broadcasting 
equipment. This station represents the last word in experimental broadcasting. 


MILLIKEN Standard Radio Towers are hot galvanized throughout. They are carried in stock for 
immediate shipment and are furnished in heights ranging from 66 feet to 300 feet. 


Milliken towers are used also at such important broadcasting stations as— 


WPG —Municipal Station, Atlantic City, N. J. WHAZ —Rensselaer Polytechnic Institute, Troy, N.Y. 
WEAF—Anmerican Telephone and Telegraph Co., New York W MAF—Round Hills Radio Corporation, Dartmouth,{ Mass. 
WSAI —United States Playing Card Co., Cincinnati WCX —Detroit Edison Co., Detroit 

WEEI — Edison Electric Illuminating Co., Boston WGBS —Gimbel Brothers, New York 

WBZ —Westinghouse Electric & Mfg. Co., Springfield, Mass. WAHG—A. H. Grebe Co., Brooklyn, N. Y. 


Catalogs in English and Spanish will be furnished on request. 


MILLIKEN BROTHERS MFG. CO., Inc. 


2341 Woolworth Building . . - - New York, N. Y. 
Also, Manufacturers of Transmission Towers and MILLIKEN BUILDINGS 
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Where heavy starting torque or speed 
controlis necessary ,consider the advan- 
tages of Commutator Type Motors. 
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The Gateway to 
Guaranteed Brush Performance 


WHEN you fill out the National 
Pyramid Brush Data Sheet (one for 
each machine) you open the door to 
a new experience—freedom from 
brush troubles. No more excessive 
brush or commutator wear; no more 
expensive tie-ups while new brushes 
are waited for; no more doubts as to 
what brushes you need. You put all 
these things up to us. 

Any superintendent or plant engi- 
neer can fill it out so that our engi- 
neers can specify the correct brushes 
for best results. 


Thousands of industrial plants and 
public utilities use this Data Sheet 
Service because it brought them the 
right brushes the first time and makes 
re-ordering simple. They just write 
—wire—telephone, “Send set of 
brushes as per Data Sheet so-and-so,” 
and the order is correctly filled with- 
out delay. 

Anyone anywhere can fill out these 
Data Sheets, or one of our Sales 
Engineers will call and do so. A 
supply of Data Sheets sent free on 
request. 


VANS 


Manufactured and guaranteed by 


NATIONAL 


CARBON 


COM: PA NeY, TENcC 


Carbon Sales Division 


Cleveland, Ohio 


San Francisco, Cal. 


Canadian National Carbon Co., Limited, Toronto, Ontario 


Emergency Service Plants 


CHICAGO, ILL. 
551 West Monroe St. 
Phone: STAte 6092 


PITTSBURGH, PA. 
Arrott Power Bldg. No. 3 
Barker Place 


NEW YORK, N. Y. 
357 West 36th St. 
Phone: LACkawanna 8153 


Phone: ATLantic 3570 
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Accompanying view shows one of Four 
single-runner, vertical shaft, cast iron scroll- 
case Hydraulic Turbine Units now in 
| successful operation in the Tugalo Plant 
of Georgia Railway & Power Co. 


HYDRAULIC 


| TURBINES 


Each turbine devel- 
ops 22,000 H.P. at 
171.4 Rev. under 150 
ft. head and is direct- 
connected to a 12,500 
kw. General Electric 
Generator. 


We have 
The Experience, 

The Resources, and 
The Manufacturing 
Skill enabling us 
to render REAL 
SERVICE. 


Ask our Dept. ‘‘G’”’ 
for Bulletin of : : 
Designs and Data Dyer stints 


5: Morgan Smith ‘Cau York, Pa. 


LIDGERWOOD MINE HOISTS 


ELECTRIC in all sizes STEAM up to 1000 H.P. 


Illustration shows a_ slope hoist, 
operating an underground incline 1700 
feet long. It has been in use by The 
Spencer Coal Co. for a number of years, 
and has given excellent satisfaction, both 
in service performed, and its wearing 


quality. 


WE BUILD mine hoists, both steam 
and electric, in types to meet every 
kind of mine service. 


CATALOGS GLADLY FURNISHED 
LIDGERWOOD MFG. CO., 96 Liberty Street, NEW YORK, N. Y. 


Chicago; Pittsburgh; Philadelphia; Los Angeles; Seattle; Tacoma; Portland, Ore.; Columbus, 0.; | Brown-Marx Bldg., Birmingham, Ala. 


Sales Agents; Norman B. Livermore, San Francisco; John D. Westbrook, Inc., Norfolk, Va.; Woodward, Wight & Co., Ltd., New Orleans; 
Canadian Allis-Chalmers, Ltd., Toronto. 


Foreign Offices: Sao Paulo, Brazil; Rio de Janeiro, Brazil; London, Eng. 
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A feeling exists between a commu- 
tator and its Stackpole Brush—a feeling 
of mutual respect that amounts to 


friendship. 


Chattering, high mica, heating, flat 
spots—Stackpole Carbon Brushes 
prevent them all. Smooth, glossy 
commutators are always to be found 
wherever Stackpoles are installed. 


No matter where you use Carbon 
Brushes—you’ll find a type of Stackpole 
Brush admirably suited for your pur- 
pose. Let Stackpole Engineers make a 
study of your brush requirements and 
show you how you can obtain better 
commutation and longer life with 


Stackpole Carbon Brushes. 


STACKPOLE | 


CARBON BRUSHES 


STACKPOLE CARBON COMPANY 
ST.MARYS & PA. 
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Accuracy and Speed 


Gurney Deep Groove bearings, Type 
C, are capable of extremely high speeds 
as they are held to the closest possible 
limit of accuracy. This accuracy is 
maintained in every manufacturing 
department where inspections are held 
after each operation. High quality 
Chrome Alloy Steel rings and balls, 
with an extra heavy pressed steel ball 
retainer, are the main factors toward 
longer bearirg life and increased service. 
Deep, uninterrupted raceways make the 
bearings fool proof in mountirg as 
either shoulder can be applied to the 
lozd. 


18314 


Write for further information 


Corp. 


Jamestown, N. Y. 


Thousands 
saved by 
automatic stokers 
and | » Fans 


HEN the boilers were changed over 
recently from hand-fired to auto- 

matic stokers at the plant of John Bromley 
& Sons, Inc., at Philadelphia, three size 414 
Buffalo Turbo-Conoidal Stoker Fans were 
installed to provide draft. 


Henry J. Fay, Chief Engineer at the 
above company says: 


“The use of this new equipment has enabled 
us to eliminate 4 men formerly required for 
hand firing. This saving, together with a much 
larger one due to the much more perfect com- 
bustion and resulting fuel economy, will amount 
to many thousands of dollars per year, and pay 
for the equipment in a very short time. 


“With our automatic stokers and fans we 
have been able to operate on 2 boilers most of 
the time instead of having to use 3 or 4. We 
can now get twice the rated horsepower from 
our boilers for 10-hour periods.” 


Many power plants now using natural 
draft can greatly increase their boiler out- 
put by installing Buffalo forced draft fans. 


Buffalo Forge Company 


170 Mortimer Street Buffalo, N. Y. 
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New Departure 
Ball Bearings 


HE cost of motor repairs found to be directly or in- 
directly due to bearings is leading an increasing 
number of motor users to consider ball bearings. 
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How New Departure Ball Bearings reduce your present 
outlay for maintenance is tersely stated in two folders 
which will be sent upon request. 


For engineers, New Departure’s “Special Bulletins on 
Electrical Machinery” will prove interesting and helpful. 
This is part of an engineering bulletin service issued monthly 
to those in a position to use it to advantage. 
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THE NEW DEPARATURE MANUFACTURING COMPANY 


Detroit Bristot, ConNeEctTICUT Chicago 
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“INDIANA” 


Double Galvanized Telephone 
> and Telegraph Wire 7 


CRAPO PATENTS 
Non-Peeling—Non-Cracking 


At last the Telephone and Electrical Industry is assured longer life and 
lower maintenance on galvanized wire construction through our new 
and improved patented Galvanizing Process, which insures a wire with 
Non-Peeling and Non-Cracking Zinc Coating. Now in full commercial 
production. Carried in stock by Representative Supply Jobbers. 


Nlustration at right shows what happens to old process galvanizing, while 
the illustration at left shows assured results of CRAPO PROCESS—(patented) 


een Steel § trand 


Standard or OT Siemens- Maree High Strength 
and Extra High Strength Grades 


Indiana Steel & Wire Company, - - Muncie, Indiana 


SUTTON AAA AANANANUUAENEAAAOUOENAUUAESEOOUOOOEROUOOOEEEUUUOEOUUEAOSEEUEUOEEUEOUOOEREOUOOCEOUOOTERSUADEOCUMOSEOUCACEOCUOAEEEAOOEEEUOEREOUEURUUOEOUOOOEUCOOOCLCOSEOUASAELOUOEROCUUEAEOUMEEEUOMEEOEOOEER EMA OREN ELS 


For the heaviest loads 
and hardest motor serv- 
ice—under conditions 
where no other bearings 
will stand up. 


NVRMA-H UFFMANN BEARINGS CURPVRATIVN 


amfvrd—Cvynnecticut 


PRECISION BALL,ROLLER AND THRUST BEARINGS 


you saw wt advertised in the GENERAL ELectric REVIEW 


AUGUST, 1925 


ie 


— | $1 PER MONTH 


INFORMATION 


On every electrical subject 
arranged in H AN DY 
FORM under these 
headings:— 

Electro-Therapeutics — Electric 
Shocks — X-Rays — Welding — 
Brazing — Soldering — Heating — 
Motion Pictures—RADIO—Radio 
Hook-ups—Telephone—Telegraph 
— Electric Bells — Cranes — Ele- 
vators — Pumps — Electric Ship 
Drive— Electric Railways—Elec- 
tric Vehicles. 

Automobile Starting and Light- 
ing System— I gnition—Generation 
and Transmission—Electric Tools 
— Plant Management — Power 
Station Plans — ARMATURE 
WINDING—Armature Repairing 
—A.C. Motors— Alternator Con- 
struction — Alternators — D. C. 
Motors—Dynamos — Magnetic In- 
duction —WIRING—Wiring Dia- 
grams—Electric Lighting — Sign 
Flashers—Cable Splicing— Power 
Wiring— Underground Wiring— 
Outside Wiring—Wiring Finished 
Buildings—Tests. 

A. C. Apparatus (Switch De- 
vices; Current Limiting; Light- 
ning Protection)—Rectifiers—Con- 
verters — Transformers — Power 
Factor — Alternating Currents — 
D. C. Apparatus (Switches ; Fuses; 
Circuit Breakers; Rheostats ; 
Watthour Rules)— Electro Plat- 
ing — Electrolysis —Storage Bat- 
teries — Magnetism — Electrical 
Energy — Conductors — Insulators 
— Static Electricity — Dynamic 
Electricity — Magnetic Electricity 


—Radio Electricity— Recent Ap- 
plications — Ready Reference — 
Index on all subjects 


GENERAL ELECTRIC REVIEW 


COMPLETE 
IN 1 VOLUME 


FREE EXAMINATION 


BOOK 


OF PRACTICAL ELECTRICITY 


Here is an up-to-date, quick 
Ready Reference. It gives com- 
plete instruction and _ inside 
information on every electrical 
subject. Every point clearly 
explained in plain language and 
diagrams that are easily under 


stood. Handy touse. Easy to 
learn from. Subjects arranged in 
progressive manner for the student 
and with complete index which gives 
information instantly to professional 
workers. A time saver, money saver, 
and a helping hand for Engineers, 
Professional Electricians, Students 
and all interested in electrical work. 


Handsomely Bound in Flexible 
Red Leather 


Audels Handy Book is a magnificent 
volume that you will be proud to 
ownand carry with you. Gilt Edged. 
Durable real leather binding. 1040 

ages of strong white paper. Large 

ype. 2600 illustrations and dia- 
grams. A mine of information and 
a most unusual value at only $4. 
Send no money. Pay nothing to 
postman. 


for Instance 


HIS man sees more different kinds of 
machinery in a week than you and I 
see ina year. He discusses cement mills 
and shafting, pumps and gang saws with 
engineers in every conceivable industry. 
And there is common to all machines one 
problem on which he speaks with authority 
and they listen with respectful interest. 
When it comes to lubrication they are im- 
pressed with the realization that he is famil- 
iar with every conceivable angle including 
the conditions that are encountered. 


Take electric motors and generators as an 
example. High speed and heavy duty are 
both met with; conditions of heat and cold 
are not uncommon, and yet the hardest 
problem is not to lubricate but to prevent 
the gradual ruining of armatures and mica 
segments through the creepage of oil. 
This can be accomplished by the correct 
application of Keystone Liquid Grease. 


No matter what your industry or what 
conditions prevail, this Keystone Lubrica- 
tion Engineer can offer advice that is worth 
considering. You will not be obligated 
in any way. 


KEYSTONE LUBRICATING CO. 


Est. 1884 


Use this coupon, NOW! 


{asm 6 Theo. Audel & Co., 65 West 23rd St., New York 


EXAMINATION Please send me AUDELS HANDY BOOK OF 
PRACTICAL ELECTRICITY for free examination. 


Philadelphia, Pa., at 21st and Clearfield Streets 


Branches and warehouses in principal-cities of the country 


COUPON Wi satisfactory, I will send you $1 in 7 days, then $1 
monthly until $4 is paid. 
URRY) Se te Ege I. gee SIE SSRN leer Oa ; 
os. © eee Keystone Safety System 
a wens teeteneennennneneernennnent eens of Keystone Grease Lubrication 
Employed by .........2.../ a. Se Se a ae ee GE 
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DIAMOND 


SOOT BLOWERS 
for all types of boilers 


Save 4 to 8% fuel. 


Save labor and 
labor turnover. 


Keep boilers on the 
line longer. 


DIAMOND 
POWER SPECIALTY 
CORPORATION 


10340 Oakland Avenue 
DETROIT 


We Manufacture Every Known 
Carbon Product 


Automobile Brushes 
For Starting Motors and Lighting Generators. 
Carbon Brushes 
For Stationary Motors and Generators. 
Rotary Converters, Turbo Generators and 
Railway Motors. 
Carbon Electrodes 
For Electric Furnaces. 
Carbon Rings 
For Steam Turbines. 
Carbon Rods 
| For Electric Welding. 
Carbon Plates and Rods 
For Electrolytic Work. 
Battery Carbons 
For Dry Cells and Flashlight Batteries. 
| Plate Carbons 
For Furnace Lining. 
| Projector Carbons 
_ For Motion Picture Machines. 
| Searchlight Carbons 
| For Floodlighting and Intense Illumination 
| Studio Carbons 
For Moving Picture Studio Lighting. 
Carbon Tubes 
For Protective Casings. 
Carbon Contacts 
‘or Circuit Breakers. 
rbon Discs 
For Telephone Equipment. 
Uarbon Specialties 
Nor al ler work. 


enty-five Years’ Experience 
ER e name of quality 


SRBON COMPANY 
LARYS, PA. 
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The 
largest selling 
quality pencil 

in the world 


17 
black 
degrees 
3) 
copying 


3 Excellences of a 
Perfect Pencil 


1 Absolute freedom from grit or even the 
* slightest coarseness, 


D) Every degree evenly matched in every 
* pencil of that degree—always. 


3 True gradations throughout 17 black 
* degrees—making each degree distinctly 
useful. 


Plain Ends, per doz. . . $1.00 


FREE Rubber Ends, perdoz. . 1.20 
sample * At Stationers and Stores 

on throughout the world 
request 


American Lead Pencil Company 


213 Fifth Avenue New York 


For a thousand 
insulation problems 


DIAMOND FIBRE 


and 
CELORON 


DAPTABLE, easily 
worked, great tensile and 
dielectric strength. 


FIBRE —in sheets, rods and 
tubes or in special shapes to 
specifications, 


CELORON —in sheets, in 
panels, in rods, in special 
shapes, in tubes, in various 
finishes, 


Information is only 
a matter of request 


Diamond State Fibre Company 
The oldest and largest manufacturer in 


the vulcanized fibre-laminated 
technical products industry 


Bridgeport, Pa., and Chicago, Ill. 


CELORON 


Dia -F 
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The GC. R Multiwhirl ealer 


Keeps turbine bearing and reduction gear oil at the tem- 
perature for proper lubricating effect. A safeguard against 
overheated bearings anda help to greater oil economy. 


Over 2000 in Use 


Send the coupon for full information 


THE GRISCOM-RUSSELL COMPANY . 


2140 West St. Building, New York 


BRANCHES IN PRINCIPAL CITIES 


Latest Development in Revolving Car Dumpers 


dumper of simple construction, 
small investment, high efhciency, 


It meets the demand for a 
: 


low operating cost and a mini- 
mum of labor. 


Built in lengths of 30, 40, 50 
and 60 feet for handling cars 
from 6 ft. 6 in. to 13 ft. o in. high 

: and from g ft. 0 in. to Io ft. g in. 
RECENT PURCHASERS wide and loaded capacities up 
fehl ee aeaen to 320,000 Ibs. gross weight. 
The Koppers Co. for Bethlehem Steel Co. 


The Koppers Co. for Commonwealth Edison Co. (2 Plants) 
Utah Copper Company (2 Machines) 


The Wellman-Seaver-Morgan Company 
Cleveland, Ohio, U. S. A. 
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Tramcar Controllers 


The B.T-H. (B510) tramcar controller illus- 
trated has many important features of special 
interest. Among these may be mentioned the 


— |. a adjustable fingers with renewable contact 
mez tips; individual blow-out coils for each finger 
eS ensuring the most rapid quenching of the 
oe arc; cross-field magnetic braking is employed 
: a and this is effective in either direction and 
irrespective of the position of the reversing 
nee handle. All cable connections are readily 
a accessible without removing the controller 
RTE barrel and a motor cut-out switch, operated 
: from the cap-plate, is incorporated to simplify 
testing the motors individually without open- 
ing the controller. 
Further particulars will be sent on 
application for D.L. 8073. 


The British Thomson-Houston Co., Ltd. 


Electrical Engineers and Manufacturers 


Head Office: Rugby, England. London Office: Crown House, Aldwych 
Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield 


Investment Bankers 


are offered 


Power and Light Securities 


issued by companies with long records of sub- 
stantial earnings. 


We extend the facilities of our organization to 
those desiring detailed information or reports 
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KNOWLEDGE GAINED OF METALS BY AID OF THE MICROSCOPE 


The ever-increasing demand for a better 
product necessitates using the best and most 
perfect materials in the manufacture of 
machinery and appliances of all descriptions. 
To create and maintain a satisfactory market 
for his product, a manufacturer must fulfill 
one or possibly both of the following specifica- 
tions: The product must either be superior 
to that made by any other firm, or it must 
possess all the main characteristics of the 
competitors’ product and be lower in price. 

Such requirements lead to refinements in 
manufacturing and to almost infallible stand- 
ardization. The matter of refinements is 
very ably taken care of by the production 
engineer; and the metallographer furnishes a 
valuable service in the general scheme of 
standardizing both the material purchased 
and the finished product. 

In the latter field of activity, research with 
the microscope is very gratifying. The 
pioneer metallographic work done by Sorby, 
Osmond, and Roberts-Austin has been an in- 
spiration. As the result of the zeal with which 
the later investigations have been conducted, 
the science has attained a thoroughly practical 
state of usefulness within a few decades. 

Chemistry gives us invaluable knowledge, 
but it leaves us in the dark with respect to 
the manner in which the various elements 
and compounds are related to each other 
in a metallic aggregate. For example, con- 
sider two pieces of steel, each having the 
same chemical composition and containing 
approximately equal parts of pearlite and 
ferrite. Chemically they are _ identical; 
physically they have properties which vary 
greatly. If the metallurgist’s knowledge 
should stop here he would find himself in 
a sorry predicament. With the microscope, 
however, he can determine the exact cause 
for this variation. | 

By a careful examination of this sort it is 
possible to determine with an almost un- 


believable degree of accuracy the chemical 
composition, the hardness, and the mechanical 
and heat treatment which a specimen has 
received, and also the segregation which has 
taken place. From these data many of the 
mechanical properties can be predicted and 
the suitability of the material determined. 
In fact, a carefully performed microscopic 
examination will often solve a_ perplexing 
problem with a resulting increased produc- 
tion and elimination of waste due to faulty 
or improper treatment during any part of 
the manufacturing process. 

While the carbon content, brittleness, 
grain size, segregation, blowholes, and me- 
chanical treatment can be roughly deter- 
mined in the unprepared specimen, we can 
push our examination further and get some 
conception as to homogeneity, and to differ- 
ences in methods of production, by the 
microscopic examination of a specimen which 
has been roughly polished (i.e., ground to a 
fair degree of smoothness) and then etched. 
However, to make an accurate study of all 
these factors, it is necessary that the speci- 
men be highly polished and etched. Upon 
examining such a specimen it is also possible 
to detect the minute and important details 
such as constituents of various colors and 
hardness, and many other factors of metal- 
lurgical significance. 

The field of application is a very fertile 
one, particularly when high magnifications 
are employed. This is especially true of the 
high-speed and complex-alloy steels. There is 
great need for knowing how the various 
carbides occur, and how their characteristic 
formations appear under the microscope. 
To this end we are including in this issue 
the first part of a serial article which 
describes the polishing of the specimen, the 
etching operation, and how the examina- 
tion under the microscope may best be 
conducted. 
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Super-power in Japan 


By Minoru Fukupba 
CHIEF ENGINEER, THE ToHO ELECTRIC PoWER CoMPANyY, TOKYO, JAPAN 


We are in the United States so diversified in geographic location, industrial development, and abun- 
dance of natural resources, that the present-day tendency to unify electrical systems must find expression in 


the establishment of various separate zones, each fitted to the peculiar conditions at hand. 


In Japan, how- 


ever, the geography is roughly divided into a mountainous region surrounded by a belt of densely populated 


lowlands. 
more straightforward. 


The proposition of unifying the power systems into one ‘‘Super-power’’ network is therefore 
Mr. Fukuda, as chief engineer of one of Japan’s largest electric power companies, 


presents in the following article a comprehensive plan for the establishment of ‘‘Super-power”’ in that coun- 
try, bringing in all of those factors which attend this problem universally, as well as certain special consider- 


ations that are local EDpDITOR. 


In order to raise the standard of living and 
give its people more enjoyment and comfort, 
Japan must improve its economic conditions. 
Since Japan’s agricultural land is small and 
its mineral resources poor, its further economic 
progress depends on the progress and develop- 
ment of its manufacturing industries. In 
fact, the manufacturing industries will be the 
sole foundation of the country and the bread 
of its ever-increasing population. The 
country’s manufacturing industries in turn 
depend upon the effective utilization of its 
motive power and the development of reliable 
transportation systems. 

Although we have limited deposits of coal, 
at the present rate of consumption they will 
not last more than two or three score years. 
Therefore, we cannot rely on the country’s 
mineral resources for future industrial prog- 
ress. What coal and petroleum we have now 
must be reserved for future use as much as 
possible. Japan is, however, gifted with rapid 
mountain rivers, narrow natural gorges, and 
abundant rainfall. By harnessing our natural 
hydraulic resources, we shall have an un- 
limited supply of motive power in electricity 
for. all industries and transportation systems. 
Hydro-electric power, when combined with 
steam electric power, will give the most reli- 
able and cheapest supply of electricity. 

_ Most of the country s waterpower sites are 
in mountain valleys far away from the load 
centers, and consequently the electric energy 
must be transmitted over high-voltage trans- 
mission lines to the factories, stores, and 
houses. Moreover, water rights are possessed 
by many different companies and individuals. 
It is, therefore, natural that with the develop- 
ment of hydro-electric power, many trans- 
mission lines will be constructed in parallel 
in unnecessary duplication. Some method 
must be devised, before it is too late, to 
eliminate this duplication of the transmission 
lines. This is the reason why we are urging 
the construction of a so-called super-power 


system—trunk transmission lines by which all 
power plants may be inter-connected. Witha 
super-power system, production cost becomes 
lower, service becomes more reliable, diversity 
factors are higher, and therefore the result 
will be better utilization of our power re- 
sources. Cheaper and more reliable power 
will be a great factor in our industrial progress. 
The time for discussing the merits of a super- 
power system has passed. A definite step 
must be taken now for its realization, lest we 
should regret in the future. 

In the following paragraphs the writer will 
try to show the facts in connection with the 
super-power system in Japan. If the indus- 
trial leaders can be made to see the necessity 
of such a system and expedite its progress the 
whole country will be benefited. 


Territory Covered by Proposed Super-power System 
The super-power system in Japan may be 
spread over the territory stretching from 
Fukushima and Niigata prefectures on the 
east to Hyogo Prefecture on the west, includ- 
ing some of the largest cities and 21 prefec- 
tures. In this territory are located three of 
the largest load centers in the country, 
namely, Kei-Hin (around Tokyo and Yoko- 
hama), Chukyo (around Nagoya) and Kei- 
Han (around Kyoto, Osaka and Kobe). There 
are also many important power plant sites 
capable of profitable development and inter- 
connection. Super-power systems in other 
sections of the country must be investigated 
from economic and technical points of view 
before actual discussion can take place. 

The territory for the proposed super-power 

system may be divided into two zones. 

1. Eastern zone with center in Kei-Hin 
district (Tokyo and Yokohama). 

2. Western zone with center in Chukyo 
district (Nagoya) and Kei-Han dis- 
tric (Kyoto, Osaka and Kobe). 

These two zonesare geographically separated 

by the Japanese Alps and the Tenryu River. 


- 
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Increase of Energy Demand in Super-power Zone 

It is very difficult to forecast the future 
demand for electric energy, because many new 
fields of its application are initiated every 
year. But, judging from past experiences as 
shown by statistics, the future electric energy 
demand would be as in Table I. 


TABLE I 
Eastern Western 
Year System System Total 


1922 530,000 kw.| 500,000 kw.| 1,030,000 kw. 
1928 820,000 kw.| 790,000 kw.| 1,610,000 kw. 
1933 | 1,150,000 kw.| 1,120,000 kw.| 2,270,000 kw. 
1938 | 1,500,000 kw.| 1,470,000 kw.| 2,970,000 kw. 
1943 | 2,000,000 kw.} 2,000,000 kw.| 4,000,000 kw. 


Available Power 

The available power of the principal rivers 
in the proposed super-power zones is shown by 
Table II. This does not, however, include any 
river whose available power is less than 
10,000 kw. Since the Tenryu River is situated 
on the boundary line of the two zones, its 
available power will be divided equally be- 
tween them. 


Steam Power Plants in the System 
Interconnection of power generating facili- 
ties in the super-power system depends on the 
locations of available waterpowers, load cen- 
ters and coal mines, and the geographical 
condition of the localities. In Japan water- 
power will be the principal source of energy 
for the super-power system and steam power 
will be used as the auxiliary during the dry 
season in winter, when the available water 
power decreases about 20 per cent. In other 
words, approximately 700,000 kw. of steam 
power will be required for the system. 


Je dGbozhilghal seas Ao 5 AUER Getrs du.tad as oh t 3,500,000 kw. 
Steam 
Osaka districtwe aziac te. ao 400,000 
Nagoya districé .......... 100,000 
Mokyodistieue 4. aes 100,000 
Wairacdisttices +... sane 100,000 
———— 700,000" 


Most of the large steam power plants will 
be located in western sections, where trans- 
portation facilities for Kyushu and Man- 
churian coal are favorable. For the power 
plant in the Tokyo District, the Hokkaido 
coal or imported oil will chiefly be used. In 
the Taira district Joban coal, which is mined 
there, will be used. 


Planning of Transmission System 
Locations of the transmi lission lines, which 
connect each hydro and steam power plant 
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with load centers, are shown on the map, in 
Fig. 1. These locations may need to be 
changed a little, on account of the geograph- 
ical condition, but it is thought that the best 
plan is shown on the map. 


Advantages of Super-power System 

From the economic point of view, there are 
many advantages in the super-power system, 
such as reliable and constant supply of power 
which, although it cannot be shown numeri- 
cally in dollars and cents, is an important 
asset to a power company in winning the 
confidence of the consumers. The point that 
must not be overlooked in the proposed super- 
power system is that there is no intention of 
spending millions of dollars for the construc- 
tion of the special transmission lines. The 


TABLE II 
Potential 
Name of River Province Power 
in Kw. 
EASTERN SYSTEM 

Abukuma Fukushima 80,000 
Tadami Fukushima 200,000 
Akano Fukushimaand Niigata} 250,000 
Shinano Niigata 400,000 
Kinu Tochigi 70,000 
Tone Gumma 250,000 
Atsuma Gumma 90,000 

Sagami Yamanashi and Kana- 
gawa 150,000 

Fuji Yamanashi and Shiz- 
uoka 150,000 
Ohi Shizuoka 150,000 

Sai, Takase, and 
Atsusa Nagano 100,000 
Hime Nagano and Niigata 100,000 
Tenryu Nagano and Shizuoka 175,000 
Totals. ch eee eee sieeees, Sire 2,165,000 
WESTERN SYSTEM 

Tenryu Nagano and Shizuoka 175,000 
Kiso Nagano and Gifu 300,000 
Hida Gifu 140,000 
Sho Gifu and Toyama 150,000 
Jintsu Gifu and Toyama 200,000 
Joganji Toyama 60,000 
Kurobe Toyama 120,000 
Chitori Ishikawa 60,000 
Kuzuryu Fukui 80,000 
Uji Kyoto 80,000 
Total occ See oo deeete eo ee 1,365,000 
Grand Total aaeeens nis a.e eens 3,530,000 


proposed plan calls for nothing more than 
systematic interconnection of the large indi- 
vidual transmission systems that may be built 
in the future, for the economical utilization of 
the power resources. 
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(A) Individual and Interconnected Transmission 
Systems 

Technically, any quantity of power can be 
transmitted over any distance, but not com- 
mercially. If, however, several systems are 
combined into a so-called super-power sys- 
tem, we can transmit power very much more 
cheaply and, therefore, the cost of power in 
the load centers becomes less. 

Although the advantages of the intercon- 
nected system cannot be shown by accurate 
figures, the calculation given in Table III will 
give a rough idea. Suppose 100,000 kw. and 
200,000 kw. were to be transmitted over a 
distance of 200 miles; a 154,000-volt line is 
more economical for the former, and a 220,- 
000-volt line for the latter. But as shown in 
the calculation, the construction cost per kw. 
for a 200,000-kw. 220,000-volt line is lower. 

The construction cost per kw. of a 220-kv. 
line is $25 cheaper than that of the 154-kv. 
line. This will make a total saving of $84,000,- 
000 for transmitting 3,500,000-kw. of power 
within the proposed super-power system. The 
transmission expense for a 154-kv. line is 0.3 
cent per kw-hr. while that for a 220-kv. line 
is 0.25 cent or with a 220-kv. line there will 
be a saving of 0.05 cent per kw-hr. Assuming 
70 per cent load factor for 3,500,000 kw. there 
will be a total saving of about $1,050,000 per 
year in the transmission line expense. 

In the above calculation it is assumed that 
the average distance over which power will 
be transmitted is 200 miles, and the amount 
of power to be transmitted is 200,000 kw. 


_Of course, in actual practice the transmission 


distance as well as the amount of power may 
vary to a certain extent. 


TABLE III (1) 
100,000 Kw. 200,000 Kw. 
ITEMS Cost in Dollars Cost in Dota 
Transforming Substations| 5,950,000 | 13,050,000 
Transmission line....... 8,000,000 | 10,000,000 
do) oes ins, See 13,950,000 | 23,050,000 
Average transmission con- 
struction expenses per 
Wika rel eae ie centae $140 $115 


The rainfall and, 


therefore, the power 


generating capacities of different localities, 
vary according to the time of the year. Witha 
super-power system, however, power shortage 
in any locality can be equalized by the surplus 
power in other sections. During the dry sea- 

(1) In this table and throughout the remainder of the article, 


cost figures are given in dollars, based upon the Japanese equiva- 
lent of one dollar equals two yen. 


son the available power of a Japanese river 
decreases about 40 per cent from normal 
available power. The average decrease of all 
rivers superposed at any time is, however, 
only 20 per cent. Therefore, with the inter- 
connected system, our power resources can be 
used 20 per cent more effectively during the 
dry season. In other words, the capacity of 
the auxiliary steam power plants can be made 
20 per cent smaller, which will result in a 
saving of $6,150,000 per year in power generat- 
ing expense. 
TABLE IV 


Normal Minimum 
Stream Flow Stream Flow 
3,500,000 Kw. | 2,800,000 Kw. 


Hydro plants built for 


CONSTRUCTION COSTS 


Hydro power plants.. .| $875,000,000 | $770,000,000 
Steam power plants... 52,500,000 52,500,000 


Total construction cost} $927,500,000 | $822,500,000 


OPERATING EXPENSES 


Yearly load factor....| 10 per cent | 60 per cent 
Annual generating ex- 
HONSE sete ce Shane 6 $6,150,000 | $33,150,000 


(B) Combined Use of Hydro and Steam Power 

The power generating capacity of hydro- 
power plants in Japan decreases in the dry 
season, which comes twice a year for short 
periods in the winter and summer. It is, 
therefore, more economical to design hydro- 
power plants based on normal stream flow, 
and to meet power shortages in the dry season 
by auxiliary steam plants. Under such a con- 
dition the generating capacity in the super- 
power system will be 3,500,000 kw. in hydro 
plants and 700,000 kw. in steam plants. If 
power plants are based on minimum stream 
flow, the capacity of hydro plants will be 
2,800,000 kw. and that of steam plants, 
700,000 kw. 

A comparison in construction costs and 
operating expenses for these two cases is 
given in Table IV. 

Thus, with the hydro power plants de- 
signed for normal stream flow, the construc- 
tion cost of the generating facilities will be 
$105,000,000 higher, but there will be a saving 
of $27,000,000 per year in operating expenses. 


(C) Super-power System and Diversity Factor 
The peak load of the industrial and residen- 
tial districts comes in the daytime, while 
that of the business district comes at night. 
In the cities the electric energy demand in- 
creases in the winter, while in the farming 
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districts the demand increases during the 
summer. It is likely that Tokyo will be the 
center of politics and finance, and Kansai the 
industrial center, and therefore their peak 
loads, coming at different times of day, will 
not interfere. Electric energy will also find 
new fields of application in farms, industries, 
homes, railways, and elsewhere. These diverse 
power demands in different districts at dif- 
ferent times of the day and year can be 
utilized advantageously by the super-power 
system. At present the diversity factor in 
Japan is between 1.03 and 1.04, but with the 
Super-power plan of interconnecting dif- 
ferent systems, it is expected that the diver- 
sity factor would be increased by at least 10 
per cent. To be conservative, assume that 
the increase will be 5 per cent instead of 10 
per cent. This means a saving of 170,000 kw. 
of power-generating equipment, and $8,500,- 
000 per year approximately in operating 
expense. 


(D) Power for Electric Traction 

It is generally said that the load curve of 
an electric street railway is flat. This is be- 
cause the maximum demands of different cars 
come at different times. For example, on 
March 28, 1922, there were 1300 cars operat- 
ing on the Tokyo Municipal Railway. The 
peak load demand of the system was 18,300 
kw., whereas, if all cars had started at the same 
time, it would have been 130,000 kw., because 
the average capacity of each car is 50 kw. and 
it takes at least 100 kw. for starting. The 
same flat load curve could be obtained on the 
electrified steam railroads, if their power 
were supplied from one large interconnected 
system. 

In other words, if all the required power is 
furnished by one system, there will be carried 
only sufficient generating capacity to supply 
the peak demand, i.e., 18,300 kw. However, 
if more than one system supplies the power 
then the generating capacity of each system 
must be capable of supplying its own peak 
load. Thus interconnection is economical in 
total installed capacity. 

In all cases, if power is supplied from 
several independent systems, the advantage 
of diversified load is much less available. Good 
diversity loads could be obtained if power 
for the present electric roads and the steam 
railways to be electrified were supplied from a 
large power source. 


(E) Emergency Concentration of Power 
Concentration of power at a load center for 
-an emergency can only be done by a super- 
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power system. (Of course, the extent to 
which power can be concentrated depends on 
the demands of the various other load cen- 
ters.) By using reserve transformers, 300,000 
kw. to 350,000 kw. of power can be concen- 
trated for a short time around Tokyo, Yoko- 
hama or Osaka. With special arrangements, 
any amount of power can be concentrated at 
any load center. 


(F) Simplification of Complicated Transmission 
Networks 

The transmission system in Japan is al- 
ready so complicated that there may be sev- 
eral lines between two places where one line of 
greater capacity would suffice. If different 
systems were interconnected by a_ super- 
power system, there would be a large saving 
in transmission equipments. 


(G) Effective Utilization of Water Reservoirs 

Water reservoirs are already being utilized 
by some systems to meet the daily peak or 
the power shortage. With the super-power 
system, however, water in such lakes as the 
Inawashiro in the north, the Kiso Otaki in 
central Japan, and the Biwa in the west may 
be used more effectively for the benefit of all 
districts within the system. 


(H) 220,000-volt Interconnected System 


According to the present transmission 


conditions, the territory may be divided 
into two zones, Eastern and Western. If 
the present system should be continued in the 
future, 154,000-volt lines already under opera- 
tion will be sufficient. But in order to fulfill 
the object of the super-power system, a 
154,000-volt line is uneconomical, because 
power must be transmitted over a long dis- 
tance from east to west. The available power 
of the Eastern Zone is estimated at 2,165,000 
kw. and that of the Western 1,365,000 kw.; 
in other words, 400,000 kw. of electric energy 
must be transmitted from east to west. The 
boundary of the two zones equally divides the 
amount of power demand; the available power 
in the two zones differs by 800,000 kw., half of 
whichshould be transferred from East to West. 
In addition, 350,000 kw. of power will flow one 
way or the other according to the local load 
fluctuation, making the maximum power to 
be transmitted, 750,000 kw. This is equal to 
the total available power in the Rivers Hime, 
Takase, Sai, Atsusa, Tenryu, Ohi, and Fuji, 
and a part of the power from the Sagami 
River. 
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The transmission line distances from the 
principal rivers to the Western Zone terminat- 
ing at Osaka City are as in Table V. 


TABLE V 
‘ P. to b Distanc 
Names of Rivers | Hower tobe | Distance 
Hime and Kurobe....| 220,000 kw. 230 
BiyjiandiOhin. =... <2 300,000 kw. 220 
Savane: eee iinet partial 260 


Thus, future transmission line distances are 
considerably longer than at present. 

The existing large transmission lines under 
operation are listed in Table VI. 

The new transmission lines in the Western 
Zone average 40 miles longer than those of 
the Eastern Zone. 

From the following figures, the logical 
transmission line voltage must be 220,000 
volts in order to obtain the maximum benefit 
from the super-power system. Lines of this 
voltage are already successfully operated in 
America. 


TABLE VI 
Name of Company and Transmission Line ebince 
Eastern Zone 
Tokyo Electric Light Co. 
Inawashino) Lanett 41ers 140 
Tokyo Electric Light Co. 
CRRA G ere med Se bis etn eye's 130 
Kei-Hin Electric Power Co. 
OES ENE LATO tethe arene cteve, «2.0 0. ¢y eee ate 125 
Average Eastern Zone........... 132 
Western Zone 
Daido Elec. Power Co. (sister Co. of 
the Toho Co.) 
Dae OSA a eet ak | Aes cd iss ars 150 
Nippon Elec. Power Co. 
WAsAtSU Ana Osaka wat fee. ote 190 
Average Western Zone.......... 170 


The First Scheme Suitable to the Super-power 
System 

The Toho Electric Power Co. has con- 
templated the first step of the system, and is 
preparing to organize a new company in 
co-operation with other leading power com- 
panies, to be called the ‘‘ Dai-Nippon Soden 
Kabushiki Kaisha.”’ 


(A) Amount of Available Power 
In a number of localities, part of the avail- 
able power may be supplied for local demands, 


but the larger part must be transmitted to 
large load centers. This is shown in Table 
VIL. 


TABLE VII 
Available 
Localities Power 
in Kw. 
Eastern Zone 
Wi hkamatsus 41h en eae ots dots leics ve 250,000 
ETA VALEN hm Lake shar chal Ie, ce ay ah ners toes Se 50,000 
SDULIMA TIO = CSE WEL ctor oes toh sas ade wy dige tack 5 150,000 
A GRaASGET peck oie on snee eit bea. a 100,000 
LAAN betes ate Go aatiitts east eee 100,000 
Western Zone 
INALOMA eat Pee Are ae ite or emt ft 300,000 
ETE Lie Meare ye CO oA oe Wis oT ea eens 100,000 
RTT ene ee NL. > FEE ve A ay 50,000 
PLO ELL ae: rah ge ally OER Mn le Orns, in tn 1,100,000 


(B) Auxiliary Steam Power Plants 


The auxiliary steam power plants will be 
built as follows: 


Capacity 

Localities in Kw. 
OME Oc Mache scntin rishoh ta Xe os ratchet 50,000 
OealcasIC Oe ase eh ee sc oe re ae 200,000 
EL SUE Age erica SI ak ae I ae eae 50,000 
SEC Bl ahs pot ered a ie cid PE II 300,000 


(C) Main Step-down Substations 


The main step-down substations will be 
located in the vicinity of Tokyo, Yokohama, 
Nagoya, Kyoto, Osaka and Kobe, and near 
large cities which are far away from power 
plants 


Transmission Lines 

Frequency: 60 cycles 

Transmission at 220,000 volts 

Lines to be laid out as shown in Fig. 1 

About 1,100,000 kw. of electric power from 
various rivers will be connected to the super- 
power system. A part of this will be supplied 
for the local demands, and approximately an 
even 1,000,000 kw. will be sent to large load 
centers at 220,000 volts. In order to supply 
1,000,000 kw. of power at a load center all the 
year round, 300,000 kw. of auxiliary steam 
power plant will be required. (It is assumed 
that the stream flow decreases 25 per cent in 
the dry seasons and, in order to be on the safe 
side, 5 per cent is added, making the total 
decrease of the stream flow 30 per cent.) 

The 1,000,000-kw., 220,000-volt transmis- 
sion line system will be the first project of 
the super-power system. Its capacity will 
be increased to 3,500,000 kw. as the demand 
increases. 
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Frequency Problem 

The benefits of the super-power system are 
numerous, as already stated. What can be 
shown by figures alone amounts to a saving 
of $50,000,000 or more per year. There are 
- also many advantages which cannot easily be 
shown in dollars and cents. Furthermore, the 
above benefits and the economy of the super- 
power system can be obtained without great 
capital investment by avoiding the complica- 
tions of non-unified systems and eliminating 
general waste. 

The obstacle to this important work, the 
adoption and construction of the super- 
power system, is the frequency problem. Our 
electrical power industry was modeled after 
both the European and American systems, 
using 50 and 60 cycles respectively. 

According to the investigation made by the 
Toho Electric Power Company, Ltd., the 
amounts of power generated at different 
frequencies at the end of June of each year 
are as in Table VIII. 


TABLE VIII 

Kw. at 50 | Kw. at 60 | Kw. at Misc. - 
Year Cie Oyeies Bredueaces Total 
1913 117,000 | 137,000 60,000 314,000 
1915 160,000 | 234,000 80,000 474,000 
1917 290,000 | 297,000 104,000 691,000 
1919 387,000 | 429,000 83,000 899,000 
1921 504,000 | 708,000 194,000 1,316,000 


Since June, 1921, the installation of the 
60-cycle machines predominates over that of 
50 cycles, and it may be said that at present 
the ratio of 50- to 60-cycle power plants is 
2 to 3. 

The existence of two different frequencies 
hinders the progress of the economical inter- 
connection of different systems. Therefore, 
one standard frequency must be adopted for 
the super-power system in order to obtain the 
maximum benefits. 

Although frequency unification offers the 
most promising solution to the problem, it is 
not favored by many because of the great 
expense expected. Unification at 60 cycles, 
however, proves upon careful study to be far 
more economical than the adoption of fre- 
quency changers, or any other method of 
making the system operate on various fre- 
quencies. The 60-cycle unification plan also 
meets all technical requirements. Machines 
for this frequency are cheaper than those built 
for 50 cycles. Economy and the successful 
realization of the super-power system, 
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therefore, seem to depend upon the stand- 
ardization of 60-cycle power throughout the 
country. 


Method of Investigation 

After the standard frequency plan has been 
adopted, thorough investigation work must be 
commenced immediately. This investigation 
should be of a practical nature to determine 
the extent to which changes in the existing 
machines and equipment are necessary for 
satisfactory operation at the new frequency. 
The most dependable way to arrive at a solu- 
tion will be by actual electrical test. 

One of the problems of the investigation 
work is the difficulty of obtaining power for 
testing electrical equipments, such as motors 
and transformers located at great distances 
from the power source. To overcome this the 
new frequency characteristics of this class of 
electrical equipment can be calculated from 
test data obtained under the old frequencies 
and the difficulty of making actual tests thus 
avoided. 

When 60-cycle equipments are operated on 
50 cycles, their electrical output decreases, 
while the safety factor of the rotating parts 
increases. On the other hand, when 50-cycle 
machines are operated on 60 cycles their 
electrical output increases, while the safety 
factor of rotating parts decreases. Therefore, 
in calculations and tests for 60-cycle operation, 
when rotating parts are operated at a speed 
higher than that for which they are designed, 
close investigation must be made as to the 
factor of safety. ; 

Fortunately, machines that require testing 
are very few, for small motors and distribu- 
tion transformers can be used with either 
frequency without any trouble, and large 
electrical equipments will be reconstructed. 
Installations that require testing are of med- 
ium sized machines. They can be tested or 
calculated as seems best, or a better plan 
would be to replace them with new machines 
of proper design. 


Capital and the Proper Distribution of Expenses 

With the unified frequency, the cost of 
electric energy will be less and the supply of 
power will be more reliable, both of which will 
benefit the customers. As electricity becomes 
a necessity of everyday life and is used by 
everybody, the expense of the frequency 
unification will be shared by the nation as a 
whole. 

The capital for the unification must be 
obtained from the sale of bonds. Although 
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the money market has been rather tight in 
the past few years, the capital necessary for 
unification is small, and, consequently, there 
will be no trouble in obtaining it. 


Conclusion 


We have discussed the future problem of 
the electrical industry in Japan with the 


object of realizing the super-power system. 
It will be the source of a cheap and reliable 
power supply. Although there are many 
ways to accomplish the same object, none of 
them have all the advantages of the super- 
power system. With complete frequency 
unification early realization of the System will 
be assured. 


Two-kilowatt U.S. Coast Guard Radio Equipment 


By I. F. BYRNES. 


RADIO ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


The public’s first realization of the value of radio communication came as the result of those earlier instances 
in which this new agent made possible the rescue of imperilled lives at sea. Since that time, accelerated by 
the development of the vacuum tube, the interest in radio and new applications of it have increased at a 
phenomenal rate. Also, immense improvements have been made in transmitting distance, reliability, and 
other important factors. The following article which describes a recently developed ship transmitter clearly 
indicates how great has been the progress since the crude spark sets first gave birth to commercial radio. 


The U. S. Coast Guard recently purchased 
three 2-kw. radio transmitting equipments”) 
for service on its ice patrol vessels such as 
the S. S. Tampa and Modoc. These trans- 
mitters are an excellent example of the 
improvements that have been made in 
tube transmitter design during the past 


I Jelephonre 
Ait Transmitter ! 


Attachment 


: 
26 Pate Voltage eee H(i 
66 Volts 


Fig. 1. Schematic Wiring Diagram of the 2-kw. 
Transmitter 


few years. As the radio art progresses, the 
performance requirements for modern tube 
transmitters become more and more rigid, 
especially with respect to the constancy 
and purity of the radiated wave. 

The transmitter delivers an output of 
2 kw. to the antenna over frequency ranges 


(1) Identified by the trade designation as ‘‘Model T2."’ 


—EDITOR. 


from 107 to 187 kilocycles (2800 to 1600 
meters), and from 312 to 500 kilocycles 
(960 to 600 meters). The frequency is 
continuously variable within each range 
and it is possible to change from one trans- 
mitting frequency in each band to any 
other within the band in a few seconds. 
Moreover, settings can be made with an 
accuracy of better than 350 cycles or within 
0.07 of one per cent, once the circuits have 
been properly calibrated. In other words, the 
operator can repeatedly set the dials for 
500-kilocycle transmission, the most un- 
favorable condition, with the assurance that 
the heterodyned signal will be within audi- 
bility at the distant receiving station as 
long as the receiver remains unchanged. 

It is of interest to consider the number of 
communication channels that may be ob- 
tained with the transmitter. On the basis 
of a 10-kilocycle spacing between trans- 
mitting frequencies, the transmitter can 
be calibrated for eight different frequencies 
in the 107- to 187-kilocycle band, and for 
18 frequencies in the 312- to 500-kilocycle 
band. Those familiar with the design of 
earlier radio apparatus will appreciate the 
difficulties that were encountered in attempt- 
ing to build a transmitter for more than six 
or eight transmitting frequencies. 

Three forms of signalling are provided; 
viz., straight continuous wave, tone modu- 
lated telegraphy, and telephony. A separate 
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Fig. 4. 


Fig. 2. Front View of the Transmitter 


Rear View of the Transmitter Showing the Shielding 


Box in Place Over the Master-oscillator Units 


Fig. 3. Rear View of the Transmitter 


Figs. 5 and 6. Front and Rear Views of the 
Telephone Attachment 
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telephone attachment is used for telephony 
and tone telegraphy. This attachment will 
be considered in detail later. 

A new type of vacuum tube”) was developed 
by the Research Laboratory: in order to 
meet the requirements of the transmitter. 
This tube is rated at 1-kw. output on a plate 
supply of 2000 -volts direct current. <A 
thoriated filament is used, consuming 15.5 
amp. at 11 volts. Prior to the development 
of this tube, the only 1-kw. tube available 
was one® which requires a plate potential 
of 10,000 to 15,000 volts direct current. 
An analysis indicated that a kenotron rectifier 
to supply this high direct-current voltage 
would be too bulky for shipboard service. 
In addition, the transmitter proper would 
be unduly large because of the high plate 
potential and its attendant insulation prob- 
lems. The low voltage 1-kw. tube secures 
its plate supply from a simple two-unit 
motor-generator set that is installed in the 
engine room of the ship. The low plate 
voltage generator also appreciably increases 
the overall efficiency of the equipment, as 
otherwise the kenotron rectifier losses of 
10 to 20 per cent would have to be supplied 
from an alternating-current motor-generator 
set whose efficiency would not exceed 60 or 
65 per cent. 

The transmitter proper uses a total of 
seven vacuum tubes operating in a master- 
oscillator power-amplifier circuit shown 
schematically in Fig. 1. A tube“) normally 
rated at 50 watts output is used as the master 
oscillator. Four of these tubes operate in 


The telephone attachment uses for a 
modulator one of the same type tubes®) as 
is employed for main power amplification, 
and as a speech amplifier one of the tubes 
such as is used for the master oscillator. 
On tone telegraphy, a.specially designed 
alternator is connected in circuit in place 


Fig. 8. Automatic Starter for the Motor-generator 
Shown in Fig. 7 


of the microphone. This tone alternator 
has a frequency range from 400 to 800 
cycles and weighs but one and one half 
pounds. 

The method of keying the transmitter 
may be understood by referring to the 
schematic diagram in Fig. 1. The contacts 
of the key relay are connected in series with 
the negative side of the plate supply. All 
grid leaks are returned to the negative plate 
supply. A resistor and condenser are con- 
nected in parallel with the key. When the 


Fig. 7. Motor-generator for 2000-volt Plate Supply. Current for filament 
heating is derived from slip rings on the motor 


parallel-as intermediate amplifiers and pre- 
vent reaction on the frequency determining 
circuits of the master oscillator. The two 
main power amplifier tubes®) are connected 
in parallel and deliver power to the antenna 
through the antenna transformer. 

) Model UV-851 or Navy Type CG-2172. 


(3) Model UV-206 
(4) Model UV-211 or Navy Type CG-1984. 


contacts are opened, the plate current at- 
tempts to flow through the resistor which in 
turn places a large negative voltage on the 
erids of all the tubes. This action still 
further reduces the plate current with the 
result that a very small current through the 
resistor maintains the tube impedances at 
extremely high values, and no radiation 
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takes place. Several kilowatts of direct- 
current power may be keyed in this manner 
with but slight sparking at the key contacts. 

A front view of the transmitter is shown 
in Fig. 2. The panel is divided into four 
sections that contain all controls necessary 
for adjusting the frequency, power, and 
method of signalling. Four instruments 
are mounted across the top and indicate 
antenna current, plate current, plate voltage, 


Transntter Unit 


7o Ground or Antegna 
Great-in Relay 


ee 
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The rheostats at the lower section of the 
panel are used for controlling the plate 
voltage and filament voltage. The two 
push-button switches provide independent 
plate and filament voltage control. 

The power-amplifier band-change switch 
selects the correct antenna transformer for 
either frequency band. The signal switch 
is a four-position device and provides low- 
and high-power continuous-wave signalling, 
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Fig. 9. 


and filament voltage. The lower right- 
hand panel contains two master oscillator 
variometers with vernier drive. Two vari- 
ometers are used in order to secure a wide 
scale for the entire frequency band. The 
indicating pointers are provided with glass 
windows and a hair line is drawn between 
two small holes in each glass. This permits 
the pointers to be set very accurately to the 
divisions on the scale, or points may be 
“spotted” through the holes in the glass 
and the scale then engraved for the par- 
ticular transmitting frequencies desired. The 
band-change switch simply selects the proper 
variometer for the desired frequency band. 


External Connection Diagram 


telephony, and tone telegraphy. The antenna 
circuit is tuned by means of a ten-position 
antenna inductance switch and the antenna 
variometer. A small push-button switch 
at the left of the panel closes the magnetic 
key and permits convenient tuning. An 
overload relay is mounted to the left of the 
magnetic key and opens up the plate-generator 
field in case of excessive plate current. 

Fig. 3 shows a rear view of the trans- 
mitter and the general assembly of the units. 
The two spherical variometers and the 
apparatus on the shelf directly below them 
comprise the master-oscillator circuit. All 
these units are carefully shielded by a double- 


AMM a =. 


pen 
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lined box, shown in position in Fig. 4. The 
condensers above the terminal board in 
Fig. 3 are connected across the high-voltage 
commutators and act as effective filters, 
and also protect the machine from surges. 
All seven vacuum tubes are supported in a 
cradle suspended by springs and cushioned 
with sponge rubber. The large loading coil 
connected to the multi-point switch is used 
in the antenna circuit on the lower frequencies. 
A loading coil built for mounting on the 
bulkhead is also supplied and is used on the 
lowest frequencies. The two antenna trans- 
formers may be seen at the lower right-hand 
section of the transmitter. 

The transmitter is assembled in such a 
manner that the rear section, containing the 
loading coil, resistors, condensers, etc., may 
be removed easily. This is necessary on 
account of the narrow doors and passageways 
that exist on many ships. 

The telephone attachment is shown in Figs. 
5 and 6. It is designed so that it may be 
installed adjacent to the transmitter where 
space permits, but if necessary it may be 


placed elsewhere in the radio room. For 
this reason a separate filament transformer 
and rheostat are provided on the attach- 
ment. A shield is also supplied to cover the 
audio-frequency units shown on the sub- 
panel in Fig. 6. 

Views of the plate motor-generator and 
its automatic starter are shown in Figs. 7 
and 8. This machine runs at 2400 r.p.m., 
and the motor is supplied with slip rings 
that deliver 550 watts for filament heating. 
The generator is rated at 4.625 kw. at 2500 
volts direct current, and is normally run 
at 2000 volts. Particular effort was directed 
by the designers of this machine to secure 
the smallest practicable dimensions with the 
result that the unit is but 62 in. long. 

The external connections of the various 
units making up a complete equipment are 
shown in Fig. 9. The machine and its 
starting equipment are intended for installa- 
tion in the engine room of the ship and are 
designed to operate successfully in the high 
ambient temperatures that exist in such 
places. 


The U.S. Coast Guard Steamer Tampa Now on International Ice Patrol Duty, which Carries a 2-kw. 
Radio Set Such as Described in the Foregoing Article 
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Measurement of Internal Friction in a Revolving 
Deflected Shaft 


By A. L. KrimBatt, JR. 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 


As previously reported in this magazine, the author has demonstrated that the internal friction in a 
revolving deflected shaft exerts a lateral displacing action which under certain conditions will be sufficient 
to cause the shaft to whip. Rings or hubs shrunk on the shaft oftentimes intensify this effect by introducing 
a rubbing friction between the shaft surface and the surface of the bore. To determine quantitatively the 
influence exerted by internal friction to produce whipping, the author has devised a special testing model 
with which he conducted the investigation described below. The article by Dr. Newkirk in this issue discusses 


a related phase of the subject.— EDITOR. 


Introduction 

In a previous article” the writer demon- 
strated how internal friction within a shaft 
might cause it to whirl, or to whip, under 
some conditions, illustrating the phenomenon 
by means of an experimental shaft. In 
connection with some tests on large turbo 
compressors, Dr. B. L. Newkirk, of this 
laboratory® concluded that the internal 
friction arising from the shrink fits of the 


Compression 
-_ — ee a 
| Jernsion 
Fig. 1, Tension and Compression in 
Sagging Shaft 


impellers was a more active cause of shaft 
whirling than the frictional forces which 
might exist within the steel of the shaft 
itself. The purpose of this article is to set 
forth the results of an experimental test 
devised by the writer in order to obtain 
a quantitative measurement of this frictional 
force for the case of a shaft both with and 
without rings shrunk on it. 


Nature of Internal Friction 


When a horizontal shaft is supported at 
its two ends and sags downward in the middle 
due to gravitation, its upper fibers evidently 
are in compression and its lower ones are in 
tension (Fig. 1). 

If the shaft 1s revolving, as shown by the 
arrow, every fiber must have its length 
alternately decreased and increased once 
every revolution, due to the alternating 
compression and tension to which the fiber 
is subjected. The amount of this alternating 
increase and decrease of length of the fibers 
depends upon how much the shaft sags and 


(@) A. L. Kimball, Internal Friction Theory of Shaft Whirli 

G. oe hee April, 1924, p. 244. : : ema 
(?) B. L. Newkirk, Shaft Whipping, G. E. Rev 
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how far the fiber is from the center of the 
shaft. At the center of the shaft the change 
of length of the fibers is zero as they lie on 
the axis of the shaft. In all metals a fric- 
tional resistance to this change of length 
exists in a greater or less degree. When a 
fiber is shortening, a frictional compression 
is set up. When it is lengthening a frictional 
tension arises. These frictional stresses are 
very different from elastic stresses.. The 
elastic stresses are proportional to the 
amount that the length of the fibers is 
changed, and have their maximum and 
minimum values at the bottom and top of 
the shaft. The frictional stresses arise 
during the change of length of the fibers; a 
frictional tension results when the length of 
the fibers is increasing and a frictional com- 
pression results when the length of the 
fibers is decreasing. 


|O 
Center Line of Bearings 


Fig. 2. Cross-section of Shaft 
Showing Elastic and Fric- 
tional Reactions 


Fig. 3. Sideways Defiec 
tion Produced by Fric- 
tional Reaction 


Fig. 2 shows a cross-section of the shaft 
near its middle point. All of the fibers in 
the upper half are in elastic compression, 
C,, and those in the lower half are in elastic 
tension T,. When the shaft is rotating in 
the direction shown by the arrow, all the 
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fibers in the right hand half are increasing 
in length, resulting in a frictional tension T,, 
and the fibers in the left half of the shaft 
are decreasing in length, producing a fric- 
tional compression C,. The elastic stresses 
produce an upward reaction against gravity 
indicated by R, in the figure, whose direc- 
tion is from the elastic tension toward the 
elastic compression side of the shaft. So 
also the frictional stresses produce a cor- 
responding transverse reaction R,. The 
magnitude of RK, is far smaller than that of 
R,, however. While the elastic reaction R, 


In the preceding discussion the frictional 
reaction Fk, has been shown to arise from 
frictional resistance in the fibers themselves 
during compression and elongation. This is 
not the only sort of friction which may cause 
the reaction R,, however. 

Any frictional resistance which arises 
within a revolving deflected rotor, while 
one-half of the cross section is stretching 
and the other half is shortening, also must 
produce a frictional reaction component KF, 
(Fig. 3). For example, the rotor may be a 
shaft with rings shrunk on it. In this case, 


Fig. 4. Plan and Side Elevation of Apparatus for Measurement of Internal Friction in a Shaft 


is balanced by gravitation, the frictional 
reaction is unbalanced until the center of 
gravity of the shaft swings sideways as 
shown in Fig. 3. 

Then the gravitational force W balances 
the resultant of the two components RK, 
and R,. It is seen that a knowledge of the 
angle @ gives a direct comparison between 
the frictional reaction R, and the elastic 
reaction k,. It is also to be noticed that 
the angular deflection of the shaft (#) is 
measured in the same direction as that of 
shaft rotation. If the shaft is placed on 
end so that the disturbing force RK, is not 
balanced by gravity, a whirling motion of 
the shaft is likely to build up provided the 
rotational speed exceeds the natural whirling 
speed. This point is discussed at some 
length in an article previously referred to”. 


friction may take place between the surface 
of the shaft and the inner surface of the rings, 
due to a working of the shaft in the rings 
as it revolves. The surface fibers of the 
deflected shaft go through a cycle of elastic 
lengthening and shortening for every com- 
plete revolution of the shaft. This produces 
a friction against the inside surface of the 
rings which may be so great as to cause the 
shaft to take a slight permanent set when 
deflected a small amount. 


Method of Measurement of Friction Reaction 
When once the transverse reaction, due 
to internal friction in a revolving deflected 
rotor, is clearly perceived, a possible way of 
measuring this reaction (R,, Fig. 3) suggests 
itself. This may be done by obtaining a 
measurement of the angle ®, and thus getting 
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a comparison between the frictional reaction 
R,.and the downward gravitational force W. 
As the angle ® is very small, special precau- 
tions must be taken to obtain reliable mea- 
surements. 

Drawings of the apparatus are shown in 
Figs. 4 and 5, and a photograph in Fig. 6. 


Section A-A 
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Fig. 5. End Elevation of Apparatus Shown in Fig. 4 


The shaft S, of commercial carbon steel, 
7% in. diameter and 36 in. long, was mounted 
on ball bearings B; and B). The downward 
force W was applied to the middle of the 
shaft through the ball bearing B3; and rod 
which was attached to the weight arm A. 
In order to determine the angle %, the 
stdeways deflection of the center of the 
shaft from the vertical, arising during rota- 
tion, was measured while the shaft was given 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 8 


arm. The scale was calibrated in mils side- 
ways deflection of the shaft, both by calcula- 
tion and by direct comparison with catheto- 
meter measurements. 

The motion of the shaft was communicated 
to the cross arm by the sideways motion 
of the housing H to which the cross arm 
was connected through the flexible springs E. 
The cross arm carried the adjustable weights 
M, and M., giving it the required inertia 
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Fig. 7, Flange Machined on the Shaft to Support 
Ball PBearing 


and by which it was carefully balanced upon 
the knife edge K. By this means high . 
frequency vibrations and tremors were largely 
eliminated and a _ steady deflection was 
obtained which could easily be observed. 
It was found that, although the balanced 
cross arm and spring connection eliminated 
small high frequency vibrations, a low period 
swing remained which made observation 
difficult. Therefore, the damping cup, D, 
was built in which a heavy oil was placed . 
and a plunger, affixed to the balanced cross 
arm A, worked up and down in the oil 
when the cross arm swung. Also, a special 
pair of damping cups D2 was used to restrain 


Fig. 6. Apparatus for Internal Friction Tests 


a downward deflection by means of a suitable 
weight on the weight arm. Instead of directly 
observing the sideways deflection of the 
shaft itself, the angular deflection of a cross 
arm of considerable inertia was measured. 


This was done by observing through a 
telescope the motion of the image of a fixed 
scale in the mirror M carried by the cross 


the transverse resonant vibration or critical 
speed vibration of the shaft while passing 
through this speed. 

. With this arrangement, satisfactory mea- 
surements of the transverse deflection of the 
shaft could be obtained. 

Since the internal friction in the shaft is 
small, precautions had to be taken to elimi- 
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nate all extraneous frictional effects. If the 
inner race of the ball bearing B; or any 
bushings were mounted directly on the shaft, 
an error would be likely to result from the 
working of the shaft in these rings. In 
order to overcome this effect a special flange 
was machined on the shaft of the form shown 
in Fig. 7, the inner race of the ball bearing 
B; being mounted on this flange. The 
frictional action in this contact surface was a 
negligible quantity. 


Results of the Tests 

Fig. 8 shows curves of the sideways 
deflection obtained by this apparatus due 
to the internal friction in the steel shaft 
itself. One of the curves shows the deflection 
in mils and the other the torque necessary 
to produce this deflection. The torque gives 
a direct measure of the frictional force, being 
proportional to it. Its curve rises more 
rapidly than the deflection curve, with in- 
crease of load, because the torque is pro- 
portional to the load multiplied by the 
sideways deflection. 

Fig. 9 shows deflections plotted against 
speed for several shaft loads. It is a remark- 
able fact that the internal friction is nearly 
independent of the speed of rotation, con- 
trary to the very common assumption that 
internal friction in metals is proportional 
to velocity of strain, like fluid friction. If 


Q30 45 


Torque in lb 
5S 


%, 
00 120 0 160 180 200 220 
Mils, awn baflection, 


Fig. 8. Curves of Sideways Deflection Due to Internal Friction 
Within the Shaft for a Speed of 1000 r.p.m, and Varied Load 


this were true, the deflections would have to 
increase as the speed of rotation increased. 

Having found the magnitude of the 
internal frictional reaction, it was then 
possible to find how much this frictional 
reaction was increased by shrinking rings on 
the shaft. Three pairs of steel rings and 


three pairs of brass rings were chosen whose 
dimensions and shrink fits are given in 
Table I. 

The shrink fits were measured by a Johann- 
sen gauge and Starrett micrometer. Through 
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Fig. 9. Deflections Plotted Against Speed for Several 
Shaft Loads 


an error in machining, the fit of the left- 
hand ring was looser than intended. The 
results of these tests are shown in the deflec- 
tion curves of Figs. 10 to 14. 

The curve plotted below the zero line is 
taken from Fig. 9 and shows the deflection 
alone due to the internal friction in the 


SUE Nee 
SET \GHRRER 


~) 


VITA TNS 
ros] spear |e ee | 


100 12000 V5000 | W000 | zh a Q Wy 
| £6 Sie Maximum Stress, 1 | 
60 a 100 i MO 10 0 200 220 

Mls - Down, Deflection. 


Ai 
20 


cet 


Fig. 10. Deflection Produced by Brass Rings Shrunk 
on the Shaft for a Speed of 1000 r.p.m. 


shaft. By means of this curve it can be 
seen at a glance how much greater deflec- 
tions are produced by the shaft carrying the 
rings than without them. The deflections 
above the zero line represent the increased 
deflection due to shrinking the rings on 
the shaft. Therefore, to obtain the measured 
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deflections for the shaft carrying rings, the 
distance between the upper and lower curves 
must be measured rather than the distance 
from the zero line. First, a pair of brass 
rings—I1 inch in thickness—was shrunk on 
the shaft as shown in Figs. 4 and 6 (A; and 
R,). Next, a series of measurements was 
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Fig. 11, Deflection Produced by Brass Rings, Plotted 
Against Speed for a Load of 149.5 lb, 


TABLE I 
oonigiesial, | Outside, | Breadth | Shrink Pit 

Steel—Right. . 3 in. se shale 0.0013 in. 
Steel—Left ... Sie Ie eine 0.0002 in. 
Steel—Right.. 3 in, di eS hams 0.0011 in. 
Steel—Left... 3 in. Ieiay abo} 0.0003 in. 
Steel—Right.. 3) 10, 2.2 1ns 0.0010 in. 
Steel—Left ... Shane 2) ne 0.0001 in. 
Brass—Right . Sin. be este 0.0012 in. 
Brass—Left... Srite 1. -in,: 0.0002 in. 
Brass—Right . 3 in. 5) ame 0.0012 in. 
Brass—Left... yang Il geabal 0.0002 in. 
Brass—Right . Satie Zeit 0.0011 in. 
Brass—Left... Sy lds eal 0.0008 in. 
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Fig. 12. Deflection Produced by Steel Rings Shrunk on 
the Shaft for a Speed of 1000 T.p.m, 


taken with the pair of 114-in. brass rings 
shrunk on the shaft, then with the 2-in. pair, 
and then for the three pairs of steel rings. 
These measurements made up a series of 
six runs which were carried out in each case 
for various lozds on the shaft and at various 
speeds. Figs. 19 and 11 show the results 
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for the brass rings, the first set of curves 
giving the deflections in mils plotted against 
the load on the shaft, and the set of curves 
of Fig. 11 showing the deflections for a given 
load of 149.5 lb. for various speeds. Figs. 
12 and 13 show the same factors for the three 
pairs of steel rings. 
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Fig. 13. Deflection Produced by Steel Rings, Plotted 
Against Speed for a Load of 149.5 lb. 


Discussion of Results 


The results obtained confirm the conclu- 
sion, arrived at by Dr. Newkirk from tests, 
that the frictional effect of shrink fits may 
be a more active cause of shaft whirling than 
the internal friction within the shaft itself. 
They show that, even with the rather small 
shrinkages used in the tests and with the 
particular shaft used, the effect of internal 
friction may be increased from two to five 
fold. The effect produced by brass rings did 
not differ very much from that produced 
by steel ones. These deflections correspond 
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Fig. 14. Deflection and Corresponding Torque for 
114-in. Brass Ring Shrunk on the Shaft 


to a torque running up to 0.8 inch-pound 
(Fig. 14), which may give so small a shaft 
as this a considerable tendency to whirl 
under the right conditions. 

In closing, the writer wishes to express his 
acknowledgment to Mr. E. H. Hull for 
assistance in carrying through the tests. 
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Shaft Whipping Due to Oil Action in Journal 
Bearings 
By Dr. B. L. Newkirk and H. D. Taytor 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 


Shaft whipping is a form of vibration or whirling developed under certain conditions in shafts running 


above their critical speeds. 
cause to the action of the oil film in the bearings. 


The authors have produced this phenomenon with models, and have traced the 
They find that the phenomenon when produced in this 


way does not occur at running speeds lower than about double the critical speed of the rotor. To prevent 
trouble from this source the authors suggest that very low unit bearing pressures be avoided or that a friction- 
damped spring be used. A previous investigation reported in this magazine dealt with a similar phenomenon 
caused by internal friction of the rotor. The article by A. L. Kimball in this issue details the measurement 
of the internal friction of shafts, which also has been found to be a cause of whipping.—EprrTor. 


Introduction 

A previous article” described an investiga- 
tion of a troublesome form of shaft vibration 
or whirling termed shaft whipping, which, 
it was found, was supported by the cramp- 
ing action of long sleeves or hubs on the 
shafts of rotors running above critical speed. 
In the present article an account will be given 
of later tests which showed that whipping 
of much the same nature is caused, under 
certain conditions, by the action of oil in 
journal bearings. 


Nature of Whipping 

Whipping in general may be defined as 
resonant vibration or whirling®) of the shaft 
of a machine when running at other than the 
resonant or critical speed. The vibrations 
encountered at the critical speed are synchro- 
nous with the revolutions, and are caused by 
the deflecting forces due to unbalance; also, 
under ordinary conditions, vibrations of this 
nature reach a maximum at the critical speed 
and outside of a narrow range of speed dis- 
appear almost entirely. Whipping, however, 
has been found to occur over wide ranges of 
speed, the vibration or whirling frequency 


' bearing little if any relation to the number of 


revolutions per minute, and the phenomenon 
is practically independent of balance. 


Whipping Due to Cramping Fits 

In the case of the whipping caused by the 
cramping action of long fits on a shaft, the 
whipping did not occur at speeds below the 
critical speed, but it did develop at any higher 
speed. The motion was found to be an ellipti- 
cal or circular whirl of the shaft in the same 
direction as the rotation, with a frequency 
about equal to the critical speed. This action 

(1) Shaft Whipping, by Dr. B. L. Newkirk, GENERAL ELECTRIC 
Review, March 1924, p. 169. 

(2) Whirling is Ae as a composite of two vibrations in 


planes 90 deg. apart and with a phase difference of one-quarter 
period. 


did not usually develop of itself, but required 
a jar, or other stimulus which would deflect 
the shaft, to start it. Quantitative tests 
carried out with small but nicely built models 
running in ball bearings demonstrated that 
whipping of this nature was rendered much 
more difficult to produce—.e., less likely to 
develop—by reducing the length of the fits 
or by making them tighter (as by increasing 
shrink or press fit allowances); but that it 
was possible to cause whipping even with very 
short, tight fits by extreme shock, causing a 
large deflection of the shaft. Without 
an extreme stimulus to start the whipping, 
however, these models would run at any 
speed, up to 10,000 r.p.m.—the highest speed 
studied—without appreciable vibration of 
any kind save that occurring at critical speed 
(about 1950 r.p.m.) when the models were 
thrown out of balance. A remedy for the 
commercial machines showing a tendency to 
whip was found in the use of spring-supported 
bearings with frictional damping imposed. 
An attempt to stop the whipping in one 
case by correcting the only recognized source 
of the trouble—i.e., by shortening the fits 
on the shaft—was unsuccessful. This in itself 
aroused a suspicion that there was another 
source of whipping; but in the absence of 
quantitative data on fits, such a conclusion 
was not considered established at that time. 
Furthermore, the spring bearings were en- 
tirely successful, not in concealing the whip- 
ping, but in stopping it altogether. 


Indication of a New Source of Whipping 

In the light of these results, two models 
were built, for study of shaft behavior in the 
critical speed range, with short and extremely 
tight fitting wheel hubs which we felt sure 
could cause no whipping unless the shaft was 
given a dangerous deflection while running; 
—and the possibility of this was prevented 
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by the use of a guard ring, with limited 
clearance over the shaft. The rotors of these 
models weighed 400 lb. each, and ran in 
journal bearings. They came fully up to 
expectation as to behavior at critical speed, 
but they regularly developed pronounced 
whipping when the speed was carried higher 
than about twice critical speed. 


are 40' Cot 
4001D. Weel | 


Fig. 1. Model Used in the Study of Shaft Whipping 


The set-up of the models is indicated in 
Fig. 1. The rotor, known as Model IX, 
consisted of a 17%-in. shaft carrying a 400-lb. 
wheel, running in two journal bearings 40 in. 
apart, center to center. The bearings were of 
usual oil-cooled design, 1% by 2% in. with 
a 0.003 to 0.004-in. clearance (difference of 
diameters) over the journal. A _ pointer, 
shown in the figure as a tapered extension of 
the shaft, was attached at one end and the 
point ground to run truly, so that any vibra- 
tion or whirling of the shaft produced a 
corresponding motion of the tip of the pointer 
which could be observed conveniently in 
strong light with a low power microscope. 
The critical speed of this model was about 
1210 r.p.m., the pointer indicating an elliptical 
whirling at this speed, of amplitude approxi- 
mately proportional to the degree of unbal- 
ance of the model. 

’ The whipping showed itself as a similar 
whirling of the shaft when the speed rose 
above 2300 r.p.m. Motion pictures were 
taken of this pointer, the exposures being 
timed so as to catch a complete whirl on each 
picture. Some samples from these records 
are shown in Fig. 2, from which it can be seen 
that the motion was an open whirl. By means 
of an oscillograph and magnetic ‘‘exploring 
coils” it was determined that the rate of 
whirling was 1205 to 1280 per minute (very 


nearly the critical speed frequency), at 
speeds from 2300 to 5000 r.p.m;—also that 
the whirling took the same direction as the 
rotation of the shaft. 


Tests to Determine the Cause of the Whipping 


From the start, the journal bearings were 
suspected of being responsible for the whip- 
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ping. Indeed, there was little else in the model 
to suspect. The wheel fit was so tight that 
the whipping could hardly be due to ‘‘work- 
ing’’ of the fit. Three factors apart from the 
journal bearings, however, were tested as 
possible sources of the trouble: (1) the belt 
drive; (2) the degree of unbalance; and (3) 
the thrust-collars on the shaft. The tests 
eliminated these possibilities. The model 
whipped when coasting with the belt removed 
just as it did when running steadily or acceler- 
ating with the belt on. The balance was 
refined until the model could be run at critical 
speed with less than half a mil vibration at 
the middle of the shaft, and still it whipped 
very much as it had when considerably out of 
balance. The thrust collars were backed off 
and the rotor held in position by blocks of soft 
carbon clamped at the ends of the shaft, but 
this had no noticeable effect on the whipping. 

The first positive indication of the cause 
of this phenomenon was the accidental dis- 
covery that the whipping was stopped im- 
mediately by shutting off the oil supply to the 
bearings, and could be brought back to full 
amplitude promptly by turning the oil on 
again. 


Fig. 2. Motion Picture Records of Whipping of 
Model IX, Due to Oil Action 


Top: Building up of whip at 3000 r.p.m.— 
good balance 

Bottom: Double exposure whirl centered about 
steady position 


The use of one friction-damped spring * 
bearing was found also to stop the whipping. 
The friction was essential, however, as it was 
found that aispecial spring bearing designed 
so as to avoid inherent damping permitted 
violent whipping. 
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The solid sleeve bearings first used with 
this model were rebabbitted several times in 
the course of tests on vibration at critical 
speed. In every set-up, however, the whip- 
ping developed, this indicating that the 
phenomenon was not due to accidental irregu- 
larities in the bearing lining. Another model 
rotor, No. XI, was also available, which ran 
in the same bearings. It had a stiffer shaft 
and a critical speed of about 1950 r.p.m., but 
was otherwise similar to Model IX. Whenrun 


Running 


Figs. 3 and 4. Displacement of Journal in Bearing by 
Oil Action 
Fig. 5. Diagonal Position of Journal in Bearing in 
Well Developed Whipping 


at 3600 r.p.m. or faster, this model developed 
whipping very similar in character to that of 
Model IX. This served to indicate that the 
whipping could not be considered due to 
accidental peculiarities of Model IX. 

It had been thought that the whipping 
might be due in part to misalignment of 
bearings. This point was difficult to test with 
the older sleeve bearings, but was settled by 
the use of a new set of self-aligning bearings 
with spherical seats. It was found that inten- 
tional misalignment to any marked degree 
prevented the whipping, but that when the ball 
seated bearings were permitted to align them- 
selves the models whipped quite as violently 
as they had when running in the sleeve 
bearings. 

These results indicated that some action 
of the oil in the journal bearings was respon- 
sible for the whipping and in consequence 
we have called it the ‘‘Oil Whip,’’ to dis- 
tinguish it from whipping due to cramping 
fits. 


Theory of Oil Action Causing Whipping 

It is a familiar fact, established by the 
experiments of Tower, that in a well lubri- 
cated journal bearing carrying load the 
journal is displaced somewhat from the 
bottom of the bearing, as is indicated in 
Figs. 3 and 4. The action is as follows: 
Oil clings to the rotating journal, and is 
carried along with it; at points around the 
bearings where the clearance is diminishing, 
oil is crowded in and builds up a considerable 
pressure (indicated by shading on the dia- 
gram); on the other side of the bearing, where 
the clearance is increasing, the oil pressure is 
very low. This results in a net difference 
of pressure which moves the journal forward, 
so that its center / takes up a position rela- 
tive to the bearing center O, somewhat as 
shown. 

It seemed that the ‘‘Oil Whip” might be 
due to this kind of action in the oil film, the 
journal center not finding a position of rest, 
as at J, but moving around the bearing center 
O, propelled by a pressure zone behind the 
point of nearest approach, P. It was recog- 
nized, however, that the action of the fully 
developed whip was more complicated than 
this, because the amplitude was so great as to 
cause the journal to take a diagonal position 
along the length of the bearing, as indicated in 
Fig. 5. But it was thought that substantially 
the same action took place at the ends of the 
bearing, with the pressure zones diagonally 
opposite at the two ends. 

This theory would explain how the oil film 
can produce a whirling motion of a journal, 
and also account for the fact that the ob- 
served whipping took the same direction as 
the rotation. As given, however, it does not 
explain why the whipping was confined to a 
speed range above about twice critical speed. 


‘Further tests were therefore made to obtain 


additional information on the nature of the 
oil action. 


Confirmation and Extension of Theory by Tests 
with Special Model. Description of Model 
XIIA 

A simpler model was built for further 
study of the oil whip. In order to avoid 
dealing with two journal bearings either or 
both of which might be involved in the 
whipping, the new model was equipped with 
only one journal bearing, and one ball bearing. 

For further simplification and symmetry, the 

model was arranged to run with the shaft 

vertical, so that there was no static load on 
the journal bearings. Finally, for ease of 
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manipulation, the model was made quite 
small, and witha low critical speed (800r.p.m.). 
The set-up was made as shown in’ Fig. 6. 
The weight of the rotor, about 50 lb., was 
carried at the top by the self-aligning ball 
bearing. Four 1% in. by 2 in. interchange- 
able journal bearings were provided, which 
were duplicates except for the clearance over 
the journal. The ball seats were carefully 
fitted. The bearings were each made in one 
piece and bushed with brass. Oil was fed in 
at the middle under pressure, distributed by a 
single lengthwise groove, and allowed to 
escape from the ends of the bearing. 


Behavior of Model with Shaft Vertical 

Fig. 7 indicates in a descriptive way the 
behavior of the new model when set with the 
shaft vertical, representing a run with a 
large clearance in the journal bearing. The 
critical speed vibrations are shown as a 
small peak in the curve at about 800 r.p.m. 
A much larger peak of vibration was found at 
1520 r.p.m., a little less than double the criti- 
cal speed. Whipping started at 2250 r.p.m., 
growing more violent with further increase of 
speed. It was noted at this time that the 
quantity of oil discharged from the ends of the 
bearing was greatly increased when whipping 
developed. These results were obtained with 
the journal bearing properly aligned, but 
restrained by the pinch of the ball seat. 
When this restraint was removed by loosening 
the bearing cap bolts, the model would not 
whip, but developed the same two peaks of 
vibration—one at critical speed, and one at 
about twice critical speed. Moderate re- 
straint of the bearing resulted in moderate 
whipping, accompanied by some motion of 
the bearing on its ball seat. 

Close observation of the journal and 
journal bearing revealed two phenomena 
which confirmed the theory of the oil action 
and led to an extension of it which explained 
the peak of vibration at double critical speed, 
and made possible a more satisfactory ex- 
planation of the whipping. The first was 
found with the model running at low speed, 
200 to 300 r.p.m., with a large clearance 
(0.008 in.) in the journal bearing and plentiful 
oil supply. The journal took up a whirling 
motion in its clearance, traveling slowly 

(3) It is a fact, though perhaps not generally recognized, that 
a rotating shaft will respond in resonant vibration to a suitable 
stimulus in practically the same manner as though it were not 
rotating. Thus the rotation and the resonant vibration are 
superposed without mutual interference. Similar resonance 
peaks at other speeds have been found in operating very sensitive 


models, due to eccentric tachometer pulleys and even to reso- 
nance with the rotation of the ball cage in ball bearings. 
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around in the same direction as the rotation— 
according to the simple theory of oil action 
in bearings. This was not whipping. The shaft 
did not bend, but tilted around like a conical 
pendulum, pivoting at the top on the self- 
aligning ball bearing. The motion was slow 
and easily followed by the eye. It occurred 
regardless of whether the ball seat of the 
journal bearing was restrained or not. But it 
died out or failed to develop when ‘the oil 
supply was shut off. This ‘journal whirl”’ 


Ball Bearing 


t- Shaft 


, 2ection of the 
1} x2” Journal Bearing 
Journal 
Bearing 


Fig. 6. Model XIIA Set with Shaft Vertica 


was found to continue to higher speeds and 
then appeared to be faster, though not nearly 
so fast as the revolutions. It was found that 
the frequency of this journal whirl was very 
nearly one-half the shaft r.p.m.; ie., the 
journal made one circuit of the bearing in 
approximately two revolutions. This was 
sufficient to explain the peak of vibration at 
about twice critical speed; for the frequency 
of the journal whirl would then correspond 
to the natural vibration frequency of the 
shaft, and the shaft would be expected to, 
respond in resonance to this stimulus. This 
peak was therefore named the ‘Oil Reso- 
nance”’ peak.) 

Another phenomenon was found when 
running at speeds higher than the oil reso- 


t 
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nance speed with the journal bearing free to 
tilt. It will be remembered that no whipping 
developed under these conditions. The jour- 
nal bearing, however, took up a wabbling 
motion which was found to be another case 
of conical whirling, but with the ball seat as 
pivot. The amplitude was small, and the 
frequency rather high, so that direct observa- 
tion was more difficult than in the case of the 
journal whirl. A small post attached to the 
bearing and projecting up parallel with the 
shaft served to magnify the motion. It was 
now plainly seen that the direction of the 
whirl was forward—with the revolutions— 
and oscillograms were taken which showed 
that this frequency also was equal approxi- 


Fig. 7. Behavior of Model XIIA Set as 
Shown in Fig. 6 


mately to one-half the r._p.m. This ‘‘ bearing 
whirl” stopped when the oil supply was shut 
off, and also if the bearing cap were drawn 
tight. With plenty of oil and a tight bearing 
cap, whipping developed if the speed exceeded 
2250 r.p.m.; below this speed and above the 
oil resonance, both shaft and bearing were 
quiet. If, in this range, however, the bearing 
cap were drawn up very gradually, the bear- 
ing motion continued for a time and a critical 
adjustment was found in which the shaft re- 
sponded in resonant vibration. It seemed 
that a slight restraint of the bearing imposed 
some friction on its tilting motion and re- 
tarded its frequency; and that in the critical 
adjustment the frequency had been reduced 
to the resonant value. 

The effect of friction on the journal whirl 
was then investigated, and it was found that 
its frequency also was reduced quite appreci- 
ably by even such slight friction as that of a 
dial indicator bearing on the shaft. 


Extension of the Theory of Oil Action 

These discoveries led to an extension of the 
theory of oil action. Referring to Fig. 4, 
consider the distribution of velocity in the oil 
film. The layer next to the journal has the 
full journal velocity, as represented by the 


arrow DE. The outside layer, next to the 
stationary bearing surface, has zero velocity 
(point F.) In the intervening space, the oil 
velocity is somewhere between these extremes, 
and the simplest estimate would consider the 
distribution of velocity represented by a 
straight line, EF, through the tips of the 
arrows. The average oil velocity, then, across 
any radial section of the clearance, should be 
about half the surface speed of the journal. 
The rate of oil flow past any radial section 
should be proportional to the local clearance; 
much less oil, then, can pass the point of 
nearest approach, P, than is carried past the 
opposite side at M, where the oil space is 
widest. Assuming plentiful oil supply, this 
means that oil is pumped into the shaded 
space faster than it can escape circum- 
ferentially past the point P, and that a 
considerable pressure will be built up and the 
excess oil squeezed out axially, unless the 
journal or the bearing yields to this impulse 
and moves around, opening up space for the 
oil as fast as it is required. The rapidity of 
such motion may be estimated as follows: 
Let 

h=radial clearance at any section, 
say at B on the shaded side of the 

‘bearing; 
h+dh=radial clearance at section A, a 
small distance, ds, toward M 

from B. 
Now, while the journal revolves through the 
distance ds from A to B, a volume of oil equal 


to ds is carried past B (assuming unit width 
of oil film, perpendicular to the paper), while 
h-+dh fe 


moves past section A, bringing an excess of oil 


at the same time a volume equal to 


equal to or ds to section B. This excess oil 


can be accommodated if the clearance at B is 
~. Now if the 
journal as a whole revolves around the bearing 
center O through an angle equal to AJB, the 
clearance at B will increase, becoming equal 
to h+dh, the clearance at A previous to this 
motion. Hence, if the clearance at A is to 
h+dh 


increased by the amount 


increase to , the journal must revolve 


about O about half as far, or through half 
the angle AJB. It will be seen that this or 
a similar analysis would hold at any point 
around the bearing; and that, in general, space 
will be adjusted to the local oil supply if the 
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journal center J moves around O with about 
one-half the angular velocity of shaft rota- 
tion, or if the journal runs steadily, and the 
bearing yields to the oil at the same speed. 

It may be concluded further that, if fric- 
tion is present to resist the journal or bearing 
motion; i.e., if considerable work is required 
of the oil action, the oil pressure required will 
be higher, resulting in additional end leakage 
and a reduced frequency. The latter has been 
illustrated with the bearing whirl and journal 
whirl and an increased end leakage of oil 
noted when the model whipped violently. 
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In the horizontal setting, the oil resonance 
peak was not observed, for it apparently 
merged with the whipping. The journal whirl, 
however, developed very much as it did when 
the shaft was vertical. The bearing, no longer 
being free of restraint, failed to develop the 
whirling motion, but moved more or less 
irregularly on its spherical seat when the cap 
was loose. 


e 


Explanation of the Oil Whip 
These considerations led to the conclusion 
that the oil whip was due to the type of oil 


Fig. 8. Model XIIC Set With Shaft Horizontal 


Behavior of Model XIIA with Shaft Horizontal 

The model was set horizontally, with no 
other change, asin Fig. 8. Two differences in 
its whipping behavior were then noted: (1) 
whipping started not at 2250 r.p.m. but at 
the oil resonance speed of 1520, continuing to 
all higher speeds; and (2) whipping persisted 
even with the bearing cap loose, though it 
appeared less vigorous than with the cap tight. 
It had been noted when the shaft was vertical 
that partial restraint of the bearing had 
caused moderate whipping. Therefore, since 
the bearing carried load in the horizontal 
setting it was subject to partial restraint even 
with the cap loose and it was not surprising 
that the model whipped. The discrepancy 
between the starting points of whipping in the 
vertical and horizontal positions was thought 
to be due to the damping effect of the end 
thrust on the ball-bearing in the vertical 
position, as explained on page 565. 


action that has been described. It seems that 
this oil action may occur at speeds below the 
oil resonance speed (about twice critical speed) 
but that its frequency is then too low to 
produce resonant vibration or whipping of 
the shaft. At the oil resonance, the shaft 
responds to its natural frequency and, as the 
speed is increased still further, one might ex- 
pect the frequency of the oil action to increase, 
the resonance to be lost, and the shaft to run 
quietly at all higher speeds. This actually 
occurred with Model XIIA set vertically with 
the bearing cap loose. But with the model 
horizontal, the resonant vibration continued 
from the oil resonance to all higher speeds. 
That is, the shaft failed to ‘‘ pull through”’ the. 
oil resonance. The reason seems to be that 
the oil action is reduced in frequency when it 
meets with frictional resistance. The mainte- 
nance of whirling vibration requires the over- 
coming of frictional resistance, which probably — 
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increases sharply with the amplitude on 
account of the restraint of the bearing. It 
appears that this increased resistance holds 
down the oil action to the resonant frequency, 
so that it maintains the vibration even 
though the rotational speed is raised above 
that corresponding to the simple oil reso- 
nance speed. Also, since the oil is required to 
do more work, higher oil pressures are de- 
veloped in the film, and the leakage of oil by 
the ends of the bearing is increased, as was 
observed. This explanation of the whipping 
makes it appear that if it were possible to 


ing may have caused enough damping to 
prevent the whip building up below 2250 
r.p.m. Setting the model horizontally re- 
lieved this end-thrust, and the model then 
whipped at any speed above the oil resonance. 
The application of a little extra damping in 
the horizontal position, however, by means of 
a carbon ring closely fitted at the middle of 
the shaft and held by spring pressure between 
two stationary plates, caused behavior corre- 
sponding to that observed in the vertical 
position. Whipping failed to develop except 
at speeds well above the oil resonance, and 
the heavier the damping 
pressure, the higher was the 


speed required to start 
whipping. 


This explanation of the 
“oil whip”’ takes no account 
of the effect of gravity, 
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Fig. 9. Effect of Clearance on Whipping of Model XIIB 


Shaft horizontal 
Bearings 1 in. by 3 in. 


quiet the shaft when whipping above the oil 
resonance speed, it would then run smoothly; 
that the oil action, if it occurred at all there- 
after, would have a frequency too high to 
make the shaft whip. This seems entirely 
possible. In fact, in a few tests, Model XITA 
after being quieted in this way would run 
smoothly unless disturbed; but a slight shock 
was sufficient to start it whipping violently 
again. In general, the oil whip would start 
itself when the speed and other conditions 
were right, with no special shock to initiate 
vibration. 

Observations and theory agree that the 
tendency to whip is weakest at speeds just 
above the oil resonance, and that it increases 
with increase of speed. It seems reasonable, 
therefore, that if the damping resistance is 
large enough, whipping should not develop 
until the speed is raised considerably above 
the oil resonance. In the case of Model XIIA 
set vertically, the end-thrust on the ball bear- 


differences was the damping 
effect of the ball bearing 
which served as thrust bear- 
ing in the vertical position, 
as previously suggested. The 
generally satisfactory correspondence between 
the theory and the observed behavior of this 
model in both positions, however, seems to 
indicate that the gravity effect was not large 
enough in this case to warrant special consid- 
eration. Later tests, to be described, indicated 
that in more heavily loaded bearings the effect 
of gravity may be so large as to suppress the 
whipping action entirely. 


Tests with Various Special Journal Bearings 
After the nature of the oil whip was 
recognized a number of tests were under- 
taken to investigate whether some modifica- 
tion of the journal bearing would not break 
up the oil action and prevent whipping. A 
preliminary change of this sort involved the 
oil feed arrangement: instead of feeding oil 
from a lengthwise groove along one side of the 
bearing, an annular groove was cut in the 
middle, so that the bearing surface was di- 
vided into two unbroken symmetrical parts 
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This was merely a step toward the next change 
and was not expected to have much effect on 
the whipping. Test with Model XIIA set 
vertically showed that the whipping was more 
pronounced than before. The same bearing 
was altered by the cutting of six lengthwise 
slots in each end of the bearing, which it was 
thought might serve to prevent the oil action 
responsible for whipping. This expectation 
was only partly realized; the whipping was 
not eliminated but decidedly weakened. It 


Annulor Oil 
Feed Groove 


Fig. 10. Proportions of Journal Bearings Used With 
Model XIIC 


was necessary to run to higher speeds before 
whipping developed at all, and then its vio- 
lence was considerably reduced. Trial was 
next made of a very short bearing with 
annular oil feed. This change was more effec- 
tive than the slots, but also failed to eliminate 
the whipping entirely. Later, with this model 
set horizontal, two other modifications were 
tried. A plain bearing with annular feed was 
relieved in the middle over most of its length, 
so that there remained only a narrow band of 
bearing surface at each end. Pronounced 
whipping developed in operation with this 
bearing, particularly at high speed, though with 
rather less violence than with the standard 
bearing. As compared with the short bearing 
test, this seemed to indicate some advantage 
in reducing the length of bearings—even 
independently of the loading pressure. An- 
other test was made using a bearing, with 
helical grooves machined in the bearing sur- 
face, with right- and left-hand pitch on 
opposite sides of the annular feed groove at 
the center. Rotation in one direction pumped 
oil rapidly out at the ends of the bearing, and 
permitted some whipping which became 
rather vigorous at high speed. The model 
would not whip when running in the opposite 
direction, but this was not considered of 
importance because the oil flow was practi- 
cally stopped due to the pumping action 
opposing the supply pressure. These qualita- 
tive tests indicated several means for weaken- 
ing whipping, but none of these was satisfac- 
tory for completely preventing it in the model. 
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Further Tests on the Effect of Bearing Proportions, 
Etc. 


Effect of Bearing Clearance 

Model XITA had been at first equipped with 
a journal so large as to be out of all proportion 
to the size of the shaft; this was turned down 
and reground to a l-in. diameter, and the 
bearings bushed accordingly, 3-in. long and 
with clearances of 2, 4, 8 and 15 mils. The oil 
was fed through an annular groove. With 
these changes, the model was designated as 
Model XIIB. The curves in Fig. 9 show the 
effect of varying the amount of bearing clear- 
ance on the behavior of the model. As the 
clearance was reduced, the whipping started 
at higher and higher speeds, but in all cases 
grew rapidly in violence with further increase 
of speed. 
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Fig. 11. ‘Oil Whip’’ Tests With Model XIIC 
Bearing 1 in. dia., length given by figures on curves 


Effect of Reducing Bearing Length 

It had been intended to test with the same 
model the effect of using different lengths of 
bearing by cutting down the original 3-in. 
lengths to 2in., 114 in., etc. , Only the first, 
series of these tests was completed (with the 
3-in. lengths), because the severe vibration 
encountered at high speeds fatigued the model 
shaft, andin the first run with a 1-in. by 2-in. 
bearing, the shaft broke. 
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It was decided not to duplicate the old 
5-in. shaft which had been made of soft steel, 
but to use a l-in. chrome-nickel steel shaft 
which was already available. The same 
wheel, bearings, etc., were used, the only 
other changes being the attachment of a new 
pointer, and a further separation of the bear- 
ings. The new combination was designated as 
Model XIIC, and the set-up is shown in the 
photograph, Fig. 8. The stiffer shaft caused 
an increase in the critical speed from 800 to 
1400-1770 r.p.m., depending on the clearance. 
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Fig. 12. Effect of Ball Bed Levees on Vibration 
Characteristics 


An extended series of tests was made with 
this model, the length of the bearings being 
cut successively from 3 in. to 2in., 114 in., 
34 in. and 3 in., as indicated in Fig. 10. The 
results of these tests are shown in Fig. 11. 
The most interesting result is the fact that 
whipping developed in every run but one: 
the shortest bearing, 3¢-in. long, with the 
largest clearance, 0.015 in., failing to support 
whipping. All the other combinations 
whipped to some degree. It was noted that the 
shorter bearings produced less vigorous whip- 
ping, though in many cases whipping of 
greater amplitude. The distinction is that a 
“vigorous’’ whip builds up quickly to a 
definite amplitude when the rotor, running at 
a whipping speed, is quieted so that it runs 
smoothly, and is then released. Whipping 
which builds up vigorously may fail to reach 
large amplitude because of the restraint of a 
long bearing having small clearance. A shorter 
bearing, however, under like circumstances, 
builds up the whip more slowly but to larger 
amplitude. The amplitudes reached by the 
whipping, therefore, are not comparative in- 


dications of the intensity of the stimulus. It 
will be noticed that with bearings of 114-in. to 
3-in. lengths, which included all of the com- 
binations which produced the most vigorous 
whipping, the whipping started at almost 
exactly twice critical speed (about 3000 
r.p.m.); and further, that the amplitude of 
whipping never decreased as the speed rose, 
although the speed was carried in most of the 
tests to 6500 r.p.m. In every test, also, the 
shaft was quieted at various speeds, but it 
almost invariably broke out quickly into 
violent whipping again when released. 


Check on Frequency of Whipping 

During the above series of tests, there 
were some indications that the frequency of 
the whipping increased with the speed. It 
was decided to check this point by taking 
oscillograms. A bearing was rebushed 1 in. by 
2 in. with 0.004-in. clearance, and some films 
taken with the results shown in Table I. 


TABLE I 
RAP. Whip Frequency Amplitude 
3070 1440 0.040 in. 
3200 1523 0.060 in. 
3420 1590 0.070 in. 
3960 1640 0.085 in. 


The lowest frequency, 1440, corresponds 
very closely to the observed critical speed for 
this set-up, 1430 r.p.m., at which the ampli- 
tude reach 0.030 in. The increase of frequency 
with the speed is thought to be due to the 
increase of amplitude, on account of the stif- 
fening of the shaft by the bearing which tends 
to increase the critical speed. This restraint 
apparently accounts for the ‘“‘high criticals”’ 
noted with long, tight bearings, which reached 
as high as 1770 r.p.m. (see Fig. 11). This 
would also account for the fact that in some 
cases the whipping was observed to start 
somewhat below twice critical speed, the 
critical being observed with larger amplitude 
and higher frequency than the start of the 
whipping. 


Effect of Looseness of Ball Seats 

In general, the whipping with the bearing 
cap loose was somewhat weaker than that 
experienced with the cap tight. Loosening of 
the bearing caps is not a procedure to be 
recommended, however, for the reason that 
it permits a much greater degree of vibration 
(dueto unbalance at critical speed) than occurs 
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when the ball seat is tight. An example from 
test is shown in Fig. 12. This point was also 
tested out with the heavier model, No. IX. 
With the same degree of unbalance, the ampli- 
tude reached at critical speed was 2 to 3 times 
as great with the bearing caps loose as with 
them tight. 


Effect of Varying Bearing Loading Independently of 
Length 

In order to determine the effect of in- 
creased loading, two additional 200-lb. wheels 
were made to shrink on the shaft of Model 
XI. Without these, the model weighed about 
400 lb., and the bearing loading was about 
43 lb. per sq. in. of projected area; violent 
whipping had developed at speeds of 3600 
r.p.m. and up; the critical speed was then 
1970. With the shaft diameter reduced 
slightly and one extra wheel shrunk on, 
the critical speed was reduced to 1700 r.p.m., 
the average loading was increased to 64 lb. 
per sq. in., and the model whipped just as 
violently as before from about 3100 r.p.m. 
upward. Two differences, however, were 
noted: the whipping seemed to depend prin- 
cipally upon the more lightly loaded of the 
two bearings; and at speeds above 4000 r.p.m., 
the whip diminished somewhat in amplitude 
unless a large increase in oil supply was given 
to the bearings. The loading was increased to 
85 lb. per sq. in. by the addition of the other 
wheel, and the critical speed thereby reduced 
to 1425 r.p.m., the model now would not 
whip at all at any speed up to 4000 r.p.m. 
The indication is that the oil whip may be 
avoided by the use of sufficiently heavy 
bearing loading pressures. 


Summary and Conclusions 


A new cause of shaft whipping has been 
found which seems to account for the reso- 
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nant whirling of shafts running in well lubri- 
cated journal bearings at speeds of about two 
times critical speed or higher. The source of 
the stimulus supporting the whipping has 
been found in the oil film in the bearings. A 
theory is proposed to account for the action 
of the oil in producing the resonant vibration 
of the shaft. This theory was checked and 
extended by test results on models. It ap- 
pears that the oil film tends to produce 
a forward movement of the journal around in 
its clearance, at a frequency equal to about 
half running speed, or less if much frictional 
resistance to the whirling motion must be 
overcome; and that this oil stimulus comes 
into resonance with the shaft when the 
speed reaches about twice critical speed, 
producing resonant whirling, or whipping, of 
the shaft. This continues with increasing 
violence at all higher speeds, with sufficient 
oil supply, the frictional resistance to whirl- 
ing serving to hold down the oil stimulus 
to the resonant frequency. In tests with 
models it was found that this form of 
whipping could be stopped or prevented in a 
number of ways: 
(1) By shutting off the oil supply to the 
bearings 
(2) By misalignment of bearings 
(3) By steadying the shaft 
(4) By-confining operation to a speed 
range below twice critical speed 
(5) By the use of a_ friction-damped 
bearing 
(6) By avoiding very light bearing loading 
pressures 
Of these remedies (1) and (2) are obviously 
impracticable for commercial application, 
and (3) involves making contact with the 
shaft, which also is undesirable. The other 
three are practical means to avoid the 
trouble. 
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Early Textile Electrifications in the South 


By B.S. HAVENS 


PuBLiciry DEPARTMENT, GENERAL ELECTRIC COMPANY 


In the enormous rush of modern industry it is interesting once in a while to step aside from the present 
and go back to the days when the Electrical Age was just opening. Men in all walks of life take a quiet pride 
in reviewing the pioneer accomplishments with which their predecessors began to build the modern structure of 
industrial civilization. Thus it gives us a feeling of satisfaction in presenting this article by Mr. Havens to 
think that these, the earliest electric installations in cotton mills, should have proved so successful that they are 
still in use, and so far in advance of the general practice of that day as to have initiated a new era which has 
since spread to the huge proportions with which we are familiar in 1925.—Eprror. 


The first application of induction motors in 
a textile mill either in this country or abroad 
was at the plant of the Columbia Mills, 
Columbia, S. C.. This was the first mill in 
the world to install a complete electric gen- 
erating plant for the purpose of operating 
motors located on the premises, and also the 
first to adopt the plan of subdividing the mill 
into independently driven sections. With the 
exception of two standard, single-phase 
generators of small capacity, operated as 


Fig. 1. One of the Original 500-kw. Generators Installed 
at Columbia Mills 


synchronous motors, and one direct-current 
motor, there were no other motors in operation 
at that time in any textile mill. In these 
two exceptions, the machines were used only 
as supplemental power because the main 
power plant of the mill was located too 


far distant to permit the mechanical trans- 
mission of power to the place where it was 
needed. 

Investigation of the Columbia installation 
today discloses the fact that the electrical 
machinery originally installed is still running 
and giving satisfactory service. In view of 
the fact that the manufacture of electrical 
machinery was in its early development 
stages at the time the Columbia installa- 
tion was made, it may be interesting to 
review the circumstances surrounding this 
original electrification. 

The problem which faced the Columbia 
mills in 1893 was the adaptation of mechan- 
ical drive—then the accepted method of mill 
operation—to peculiar local circumstances. 
A canal which it had been planned to use for 
water power was located between the river 
and the site selected for the mill, and it would 
have been necessary to build an expensive 
flume from the canal to the basement of the 
mill where the wheels would have been situ- 
ated, and also an expensive tail race to carry 
the water from the wheels underneath the 
canal to the river. In attempting to solve the 
problem, the mill officials even gave considera- 
tion to the location of a power house on a 
narrow strip of land between the river and the 
canal and transmitting the power by ropes, a 
distance of approximately 800 feet, to the 
mill. 

Finally, however, it was decided to install 
the three-phase electrical system. This de- 
cision was made after reviewing propositions 
from three competitive manufacturers, two 
of whom suggested the use of direct-current 
motors of large size to drive the shafting which 
would ordinarily be used in a mechanically 
driven mill. The General Electric Company, 
however, adhered to its recommendation that 
induction motors would give the best results 
and in April, 1894, this company installed 
two 500-kw., 108-r.p.m., three-phase genera- 
tors direct-connected to two pairs of 48-inch 
horizontal waterwheels. Fourteen 65-h.p. 
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induction motors were installed for operating 
the mill. The generators and the motors are 
still in service. 

Two 15-kw. exciters were installed with the 
generators, and the equipment included, 
besides a switchboard and miscellaneous sta- 
tion equipment, an auxiliary lighting circuit 
for 700 sixteen-candlepower lamps. The con- 
tract stipulated that the installation was to be 
completed in 14 days after the assembly of 
the apparatus on the premises of the Columbia 
Mills; and there was to be guaranteed a 
maximum efficiency of 80 per cent be- 
tween the shafts of the generators and the 
pulleys of the motors. The transmission 
line was but 700 ft. in length and the switch- 
board was of the skeleton frame type, of 
hard wood, located in the generating room. 
On it were mounted ‘‘four ampere meters, two 
potential indicators, two regulators, light- 
ning arresters’’, etc. 

The cables running from the power plant to 
the mill were laid in a wooden trough. This 
was filled with insulating compound and then 
buried in the ground. No trouble has been 
experienced with this original cable and it is 
still in service. 

The installation is remarkable in many 
ways. At the time the Columbia Company 
was considering the electrification, the pur- 
chasing agent, Mr. Oliver, asked where he 
could inspect a similar installation, and was 
told that there was no other in existence. 


Fig. 6. One of the Columbia Mills Motors, Inverted 
for Ceiling Mounting 


It was to be the first installation where 
motors were inverted and placedonthe ceiling. 
As it was then General Electric practice to use 
pillow blocks on its motors, the oiling prob- 
lem was quite serious. It was the first 
instance, also, where the shaft was extended 


at both ends. In the main mill the shafts of 
the motors thus designed drove belts running 
in opposite directions. This scheme was 
adopted on the theory that the load on the 
bearings would be very much reduced. 

As a matter of fact, five of the motors are 
still running on their original sleeve bearings. 
Rewinding has been actually necessary on but 


Fig. 7. One of the Old Motors, Showing Pulley at 
Both Ends of the Shaft 


five of the stators, although seven have been 
rewound. On two of those the rewinding was 
done as a precautionary measure, the two 
motors having become spares when replaced 
by larger units where loads were increased. 
One of the two was put back into service soon 
after rewinding in place of a 100-h.p. motor on 
which the load had been decreased. 

On two of the rotors binding wire was 
broken and had to be renewed. Aside from 
this and ordinary resistance clutch repairs, 
these rotors have given practically no trouble 
in 32 years. 

The regular load which the motors carry 
ranges from 80 to 85 h.p., although their nor- 
mal rating is 65 h.p. Some of these motors, 
in addition to 32 years of day operation, have 
run for at least 10 years on night service, 
giving an equivalent of 42 years’ operation. 
When it is considered that, in the night-and- 
day service, the motors were heated from day 
operation and did not have sufficient time to 
cool off before starting up again for the n ght, 
the record becomes the more remarkable. 

Induction motors of this horse power rating 
were very large machines in 1894. The 
General Electric Company had just developed 
a line of tri-phase induction motors and the 
largest size that had been built before the 
electrification of the Columbia Mills was a 
10-kw. (13.4-h.p.) machine, and the largest 
size that had been sold was a 5-kw. (6.7-h.p.) 
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machine.“) In those days alternating-current 
motors were rated in kilowatts, not in horse 
power, and the Columbia motors were sold 
as 50-kw. machines. 

It may safely be said that the Columbia 
electrification was directly responsible for the 
tremendous electrification which has followed 


od 
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Fig. 8. Old Picker Room, Mill No, 4, Pelzer Manufacturing Co. 


in textile mills through the country. To this 
installation also may be traced, to a large 
degree, the growth of the textile industry 
in the South. 

Although the Columbia transmission system 
was not very long, it showed what the possi- 
bilities were, and the following year the 
Pelzer Manufacturing Company, at Pelzer, 
S. C., installed a plant where the transmission 
of power was carried about 234 miles. Ina 
General Electric bulletin dated February 1, 
1895, is found the following comment on this 
electrification: 

“A contract accepted by the Pelzer Manu- 
facturing Company of Pelzer, S. C., involves 
the installation of one of the most interesting 
three-phase power plants in the world. The 
generating station is three miles from the 
cotton mills owned by that company. At 
the power house three slow-speed generators, 
750 kilowatts each, direct-coupled to water- 
wheels running at a speed of 167 revolutions 
per minute, will feed current at 3300 volts 
(full load) into the transmission lines without 
transformers. 
scene ta be ares Cea aa Se power try oo 
line in this country, was recently obtained by the General 
Electric Company for exhibition purposes from the Page Belting 


Company's plant at Concord, N. H., where i ivi 
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‘The circuit will consist of 18 No. 00 wires, 
this size having been selected rather than a 
larger wire, to reduce line induction to as low 
a figure as possible under the existing condi- 
tions. At one mill will be located a 400-h.p. 
synchronous motor receiving current direct 
from the lines. At another mill there will be 
installed more than 20 induction motors 
throughout the various rooms. Fourteen 
of these will be 110-h.p. motors and the 
others, of various sizes, from 5 to 75 h.p. 
In the substation will be located nine 175-kw. 
transformers for the motors and for 1200 
incandescent lights for the mill. Two motor 
blowers of three horse power each will be 
used for cooling the transformers.” 

Captain Ellison A. Smythe was responsible 
for placing the order, and the stock for capi- 
talizing the enterprise was largely sub- 
scribed to by Captain Smythe’s friends in 
Charleston. When it became known in that 
city that Captain Smythe had entered into 
the contract—an absolutely new experiment— 
the price of Pelzer stock fell $25 a share in 
the Charleston market. 

The skeptical reaction of the public at the 
time of the Pelzer electrification was but an 
indication of the common attitude towards 


Fig. 9. The Card Room, Mill No. 4, of the Pelzer Plant 


electricity and the general ignorance of its 
principles existing at that time. One of 
Captain Smythe’s acquaintances, whom he, 
met on the afternoon of the day the plant 
was put into operation, offered his condolences 
to the Captain in the ‘‘failure of the electrical 
transmission system,’’ saying that he had 
watched the wires all day long and they had 
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not moved. He had seen a mill operated by 
rope drive and it was his belief that the wires 
must travel, as if moving over pulleys, be- 
tween the power house and the mill. The 
transmission line passed over the mill village 
and some of the operatives placed pails 
beneath the wires ‘‘to catch the electricity 
that fell off.”’ 

The success of these early installations of 
electric drive in cotton mills was so pro- 
nounced that the number of spindles in the 
south has increased from 4,000,000 in 1898 
to 17,000,000 in 1923, representing an invest- 


increase, the south in ten years will have as 
many operating spindles as the entire United 
States has today. It is estimated that the 
southern textile mills consumed one billion 
kilowatt-hours of electricity in 1923. 

For the historical information contained in 
this article the writer wishes to make 
acknowledgment to Mr. Sidney B. Paine, 
Manager, Textile Division, General Electric 
Industrial Department, who, with Mr. A. R. 
Bush, Manager of the General Electric In- 
dustrial Department, handled the sale and 
installation of both the Columbia and Pelzer 


ment of one billion dollars. At this rate of electrifications. 


The Technique of Examining Metals Under 
the Microscope 


PART I 
POLISHING THE SPECIMEN 


By Gustav Pirk 
RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 


While the unaided eye functions best for the all-round purpose of sight, the wide spread of its normal 
working angle places a limit on the smallness of the objects which it can distinctly see. By artificially 
decreasing this optical angle with the microscope, there becomes available a new range of vision within which 
much is revealed of the structure of materials. The inspection of metals by this means is particularly fruit- 
ful, both for research investigation and factory routine testing. Much of the success of this type of analysis 
lies in the proper preparation of the specimen, but unfortunately an adequate knowledge of the means has 
not been readily available. For this reason we are here presenting a discussion of the first step of the process, 
grinding and polishing, to b2 later followed by a description of the etching operation, and finally a treatment 
of the actual inspection under the microscope.—EDITOR. 


The method employed in the preparation 
of metallic microsections is entirely different 
from that used for the ordinary preparation 
of biological or petrological sections. Staining 
or similar methods to make the various parts 
distinctly visible under the microscope cannot 
be employed with metals because their 
thinnest sections are opaque. Neither is it 
possible to secure a section as readily as is 
usually the case with biological or organic 
sections. Often, because of the nature and 
character of the mechanical and thermal 
treatment that a metallic specimen has 
received, it is relatively difficult to secure a 
satisfactory microsection. 

The physical properties of the metal must 
first be very carefully considered. That is, 
such properties as hardness, malleability, 
and ductility determine the degree of care 
that must be exercised in preparing the 
section and the method which must be 


employed. With the softer metals and alloys 
it is necessary to exercise special precautions 
in order that the crystal structure and other 
details, which are to be visible under the 
microscope, may not be destroyed nor 
distorted. This care is particularly necessary 
with the light metal alloys. Of all the soft 
metal alloys which require delicate methods 
of preparation, those of aluminum probably 
present the greatest difficulties. The slightest 
departure from standard technique will often 
cause all one’s efforts to have been spent in 
vain. 

Before cutting a section of metal from an 
ingot or casting for microscopical exami- 
nation, it is well to give thought to the 
purpose of the examination, and the condi- 
tion under which the ingot or casting has 
been produced. This forethought will often 
enable the examiner to tell with certainty 
the nature and origin of the constituent 
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which is visible. The value of the previous 
history of a metal cannot be overestimated. 
In the case of steel, and such metals that 
have received heat treatment, it is absolutely 
necessary that the composition and heat 
treatment be known. 


Fig. 1. Various Types of Clamps for Use While Grinding 
Specimens for Examination Under the Microscope 


The section which is to be examined should 
also be selected with the following points in 
view: first, the conditions under which the 
casting was produced; and, second, the size 
and shape of the casting. All castings are 
likely to vary in shape and area of cross- 
section, and this variation necessarily pro- 
duces varying rates of cooling which very 
markedly affects the structure of the metal. 
For this reason it is advisable to take several 
sections from various parts of the casting. 
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represent the structure from the surface to 
the center, then little difficulty will be 
experienced in ascertaining the effect of 
cooling, shape, size of the cross-section, etc. 
Castings produced in iron or metal molds 
have layers of chilled surface metal, the 
structure of which can be seen only when a 
number of sections are taken from the outside 
to, the center’ of the“mass, ) Usuallyaiters 
desirable to remove the surface skin of metals 
or alloys which have been heat treated. 
The heating and quenching operations pro- 
duce a surface layer which, when examined 
under the microscope, is not a truly repre- 
sentative section of the specimen and will lead 
to incorrect conceptions of the treatment. 
Thus, when steel is heated in a furnace prior 
to quenching, part of the metal near the 
surface becomes decarbonized; and when such 
a section is viewed under the microscope it 
may lead to the drawing of false conclu- 
sions. 


Cutting the Specimen 

After definitely deciding just what portion 
of the casting or ingot is to be examined, 
the next step is to cut the specimen. This 
sample should be of such size that it may be 
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Fig. 2, Combined Grinding and Polishing Machine 


These specimens should be cut from the 
casting or ingot in various planes or directions. 

The specimen should also be selected with 
regard to the homogene ity of the metal. 
Where structural ch: inges are likely to have 
been produced by mechanical working or heat 
treatment, it is again adv antageous to cut 
several sections. If these are taken so as to 


handled conveniently during the polishing 
process and under the microscope, a con- 
venient size being about 4% in. square by- 
54 in. thick. 

If the section to be examined is a wire, it is 
usually held in a clamp embedded in lead or 
Wood’s metal. If a cross-section is to be 
made of a number of sheets of metal, sheet 
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steel for instance, some five or six are taken 
and lightly held in a clamp. The pressure 
exerted by the clamp should be just sufficient 
to hold them firmly together without causing 
them to be strained. Hard metals like 
tungsten may be pressed into copper without 
causing any deformation of the specimen. 
This can be done by taking a copper block 
with parallel faces, placing the tungsten on it, 
and then on top a piece of hard steel which has 
a plane surface, and the whole compressed. 
On removing the steel plate, the tungsten will 
be found firmly imbedded in the copper. 
Fig. 1 illustrates some of the various devices 
used for holding specimens during grinding. 


Fig. 3. Simple Hand Grinding Board 


For the cutting of such metals as zinc, 
brass, copper, iron, untreated steel, etc., 
the hack saw will ordinarily produce the 
desired result. In the case of some brittle 
metals, however, it is necessary to resort to 
other methods for obtaining the specimen. 
Occasionally it is possible to break a piece of 
metal from the casting with a hammer, but 
this operation is open to the justifiable 
criticism that the structure may be dis- 
torted or otherwise injured. To obviate 
these serious objections another method may 
be employed, that of cutting off the specimen 
by an emery or carborundum disk. During 
this operation care must be taken not to heat 
the specimen, as some structural transfor- 
mation is likely to occur. A generous supply 
of water, or some other cooling agent, 
should be constantly kept flowing on the 
specimen. This method is also used for 
metals like tungsten and molybdenum, only 
in this case no heat transformation is likely 
to occur. 

The oxy-hydrogen or oxy-acetylene torch 
should never be used if one expects to obtain 
a representative microsection of the metal 
under examination. The intense heat of the 


flame completely obliterates any structural 
peculiarities of the metal, and so makes the 
result of the examination worthless. 


Grinding the Specimen 

The next step in the preparation of the 
microsection is that of grinding. This may 
be done entirely by hand or machinery, or by 
a combination of the two methods. As a 
preliminary to hand grinding, it was the 
practice to hold the specimen in a vice and 
flatten its test surface by filing. This method, 
however, proved unsatisfactory for two rea- 
sons. First, the grip of the vice sometimes 
strained the specimen and injured its struc- 
ture. Second, the scratches 
produced by the file are so 
coarse that the metal is 
strained to a considerable 
depth. It is exceedingly 
difficult to polish out these 
scratches and get down to 
the structure of the unde- 
formed metal. The filing 
stage of the process has 
therefore been replaced by 
grinding, either by hand on 
emery paper or by revolving 
disks to which the paper is 
glued. 

For machine grinding, use 
is made of an emery wheel about 8 or 10 in. 
in diameter, running at 600 to 800 r.p.m. 
Such a wheel is shown in Fig. 2. The cuts 
produced by emery are more numerous and 
much smaller than those made by the file, 
thus leaving a surface which is not disturbed 
to such a depth. 

When using the grinding wheel care must 
be exercised not to overheat the metal, 
particularly heat-treated steel, as some very 
serious heat transformations may occur due 
to the rise in temperature. This difficulty 
may be avoided by dipping the specimen in 
cold water frequently. The intermittent 
removal of the specimen from the wheel 
gives rise to a new difficulty, however, if the 
wheel is a fast running one, for a new facet is 
ground on the specimen each time it is 
placed in contact with the wheel. The 
remedy is to use a low-speed wheel, so that 
one can feel for the original facet before per- 
manent damage is done. 


Fine Grinding 

The specimen is now ready for the next 
step, that of fine grinding either by hand or 
on a disk to which the various grades of 
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emery tee are glued. If the hand method 
is used, it is desirable to start with No. 2 
paper, ee the specimen in a straight 
line to and from the operator. This process 
is carried on until all the scratches left by the 
previous paper are effaced. Light and 
uniform pressure should be employed, other- 
wise the specimen will rock and the edges 
become rounded off. This grinding process is 
carried on until all the papers from No. 2 
down to No. 000 have been used. When 
passing from one grade of paper to the next 
finer, the specimen is to be rotated through 
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For all delicate work hand grinding should 
be employed, but for the harder metals and 
alloys much time can be saved by machine 
grinding. Fig. 3 illustrates a hand grinding 
board, and Fig. 4 the endless belt type of 
grinding machine. If the latter be used for 
coarse grinding, best results will be obtained 
if the grinding is completed by hand. 


Polishing 

The forced polish given by rouge on 
chamois is very attractive to the eye, but is 
useless for metallographic examination, 


Fig. 4. Endless Belt Type of Rough Grinding Machine 


an angle of 90 deg. and rubbed on that paper 
until all the scratches produced by the 
previous paper have been eradicated. 

These papers should be kept in a place 
where they cannot accumulate dirt and grit, 
as such foreign substances are likely to 
produce deep gouges in the specimen during 
the fine grinding. 

If machine grinding is employed, the 
various papers are glued to separate disks 
and the same instructions are followed. The 
disks should run at about 600 r.p.m. Other 
devices, such as an endless belt running over 


a flat surface, soateeae are used and also 
give satisfactory Ba In all cases the 
emery paper must be backed by a plane hard 


surface, such as 


a hard rubber plate or a pane 
of glass. 


because the entire surface of the metal is 
smeared. To produce the type of polish 
which is essential for metallographic work, 
it is necessary to use a piece of soft cloth or 
leather and a fine abrasive powder of a 
definite grade held in suspension in some 
liquid, usually water. Alloys and metals 
that are attacked by water can be polished 
by using a liquid such as petroleum or benzol. 

The powders commonly used are the 
oxides of iron, aluminum, chromium, and 
magnesium. They are prepared by levigating 
the powdered oxide and are designated as 3, 
6, 12, or 24-hour powders, according to the 
time which they require to settle out. 

For various metals and alloys different 
grades and kinds of powder must be employed. 
Recommended combinations are given in 
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Table I. The abrasive liquid should not 
contain more than 3 to 10 grams of the 
powder per liter. 

It is necessary that the powder be distrib- 
uted on a support, for which purpose 
broadcloth or a good grade of felt is employed. 
The cloth must be smooth and of a fine 
texture, otherwise it will scratch the metal 
even after it has been thoroughly washed, 
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Fig. 5. Polishing Disk with Reservoir for Solution of 
Polishing Powder 


The operation of polishing is usually 
performed mechanically, the specimen being 
held lightly against a rotating disk made of 
some hard material over which the polishing 
cloth is tightly stretched. The disk is 
usually 8 to 10 in. in diameter and runs at a 
speed of about 250 to 300 rp.m. The 
polishing powder is sprayed or poured onto 
the rotating disk which should be kept moist 
in this manner at all times. During polishing, 
the specimen is moved in a circle and in a 
direction opposite to that in which the disk 
is rotating, for this will work any coarse 
particles out from under the specimen. Fig. 5 
illustrates a type of polishing disk for this 
purpose. 

While the edges will become slightly 
rounded, this is of little consequence except 
when it is necessary to examine the surface of 
the specimen to its edges, as in the case of 
fractures, or to preserve slip bands, for which 
- purpose the specimen may be embedded in 
Wood’s or white metal. The same result may 
also be accomplished by copper plating with a 


cyanide bath. This operation will generally 
require several days because of the necessarily 
low current density used. 

If all the previous steps of fine grinding 
have been well executed, a specimen of the 
size mentioned should be freed from the 
No. 000 scratches in four or five minutes. 
Fig. 6 illustrates the effect of the various 
grinding and polishing operations. 

Continued polishing diminishes the luster 
due to the surface becoming pitted. After 
the sample is completely freed from scratches 
it should present a smooth, featureless, 
mirror-like surface, unless one of the following 
conditions is present: 

(I) The constituents are of a different 
color, as shown in Figs. 6g and 6h. This is 
the case with the copper-antimony alloys 
where the CuoSby violet network outlines the 
antimony grains very distinctly. The same 
is true of most of the aluminum alloys. 

(II) The constituents vary in hardness. 
Where this condition exists selective polishing 
will take place and one of the constituents vill 
wear faster than the other, leaving one stand- 
ing in relief, as in Fig. 6g. This is the case 
with the white bearing metals which contain 
Cu and Sb. With these alloys the Cu Sb 
constituent will always stand in relief. 

(III) The metal is porous, as in Fig. 6h. 
Under this condition black spots or cavities 
will be noticed over the entire surface. These 


TABLE I 
Metal Powder Recommended 
Iron, ( Alumina 
Steel, or { Rouge 
CastjIron | (12- a powder) 
Aluminum, 


Magnesium Oxide 


Copper, or all (24-hr. powder) 


soft metals 


Nickel, 
Cobalt, Alumina 
Tungsten, or (12-hr. powder) 
Molybdenum 
Lead or Tin Chromium Oxide 
and their alloys Magnesium Oxide 
(24-hr. powder) 


act as grit and dirt collectors and should be 
washed out after grinding on each grade of 
emery paper. If a casting having many 
cracks is to be examined, Fig. 61, these should 
be filled with some plastic material, such as 
shellac or paraffin. 
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No. 1 Emery Paper 


6c. 


6b. No. 2 Emery Paper 


Rough Grinding with Wheel 


6f. No. 000 Emery Paper 


No, 00 Emery Paper 


6e. 


6d. No. 0 Emery Paper 


i, Steel 
Final polish with rouge 


63 


6h, Cast Iron 
Final polish with rouge 


t Iron 


Wrough 


g. 


6 
Final polish with rouge 


iron Specimen 


iicrographs Taken at 150 Diameters of Successive Steps in Polishing a Wrought 


Photon 


Fig. 6. 


Figs, 6a-6g), and Polished Specimens of Cast Iron and Steel (Figs. 6h and 6i) 
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The Mechanics of Grinding and Polishing 

It was long thought that during the process 
of fine grinding and polishing, the pits and 
scratches became smaller and smaller, and 
finally sub-microscopic in size. This is, 
however, not the case, for the metal actually 
undergoes a small amount of plastic deforma- 
tion. 

The action of metal-cutting tools is now 
fairly well understood. A pressure great 
enough to produce rupture is exerted on the 
section being cut; and although rupture takes 
place only along a small line, there will 
obviously be a portion of strained metal 
around the groove, produced by the cutting 
tool. This area of strained metal becomes 
greater the larger the cut taken, because the 
pressure is brought to bear on a correspond- 
ingly larger area. This is what also occurs 
when the coarse grades of emery are em- 
ployed, only the cuts are much more numer- 
ous and very much finer. Thus the depth 
to which the metal is deformed or strained 
is considerably less. 

If we turn to the metallographic polishing 
process by means of the polishing wheel and 
powder, a phenomenon is encountered which 
is quite different from that of grinding. When 
the metal is placed on the polishing wheel, the 
mechanical strain produced is sufficient to 
convert it into a hard, brittle amorphous 
mass. While the metal passes from the 
crystalline state to the amorphous condition, 
it assumes a temporary state of plasticity. 
While in this condition it can flow a small 
amount, which permits the grooves left by 
the emery to flow together gradually and the 
surface to smooth itself out. This phenom- 
enon is similar to the action of surface ten- 
sion in the smoothing out of brush marks on 
a freshly painted surface. 

Beilby has shown that the grooves left by 
emery also have a tendency to flow together 
and smooth out, only that the grooves left 
by the coarse grades are too wide and cannot 
flow together. As the grooves become finer 
and finer, the flow of the metal becomes quite 
visible under the higher magnifications. When 
a surface is subjected to the action of a suit- 
able polishing powder and wheel the action 
becomes intensified. Under these conditions 
the abrasive action becomes negligible. The 
polishing process helps the metal to assume 
the plastic state, i.e., temporary mobility, so 
that by surface tension the grooves may run 
together and make the surface of the metal 


smooth. This characteristic is produced by the 
int’mate contact between the molecules of the 
polishing powder and the surface molecules 
of the metal. Polishing by this method is to 
be distinguished from that known as ‘“‘buff- 
ing,’’ because in the latter the polish depends 
entirely upon mechanical strain, so that the 
metal is smeared. On etching sucha surface 
the old grooves and irregularities appear and 
make it worthless for a metallographic 
examination. 

There is, however, another factor which, 
according to Rosenhain, enters into the 
mechanism of polishing, i.e., there is a peculiar 
kind of chemical reaction between the polish- 
ing powder and the metal. This results in 
a forced solution of the polishing material 
in the metal for a slight depth. There are 
several facts which support this hypothesis. 
One is that the color of the surface of a 
polished specimen varies with the kind of 
polishing material used. Silver shows this 
effect beautifully, it being darker when rouge 
is used than when (white) alumina is em- 
ployed. Another fact which goes to support 
this view is that the chemical activity of a 
surface varies with the character of the polish- 
ing material. Here again silver shows this 
effect. It very frequently happens that silver 
which presents a very bright surface when 
polished with rouge will expel small particles 
of it from the surface. 

Not all soft substances can be employed as 
polishing materials. It was first thought that 
consideration need be given only to the shape 
of the material particles. All successful 
polishing materials, however, have later been 
found to belong to one class of chemical com- 
pounds, that of oxides. Certain metals are 
known to dissolve their own oxides. This 
property may therefore bear directly on the 
mechanism of polishing, as a metal which has 
a small percentage of oxide dissolved in its 
surface layer will undoubtedly be more 
mobile and plastic than a metal without this 
‘‘forced solution,”’ just as the addition of an 
alloying element to a metal increases its 
mobility. 

It is thus seen that the smooth surface of a 
polished specimen is the result of several 
phenomena which when combined tend to 
give the metal a degree of mobility sufficient 
to smooth it out under the action of surface 
tension. 

The specimen after being polished is then 
ready for etching. 


(To be continued) 
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A Short Method of Calculating Flywheels 


WITH REFERENCE TO RECIPROCATING AMMONIA COMPRESSORS 
DIRECT-CONNECTED TO SYNCHRONOUS MOTORS 


PART I 
HISTORICAL DEVELOPMENT 
By A. R. STEVENSON, JR. 


ENGINEERING GENERAL DEPARTMENT, GENERAL ELECTRIC COMPANY 


In arranging for the drive of a refrigerating compressor, one of the major problems has been the determina- 
tion of the minimum flywheel effect that will transform the periodically varying torque demand to a compara- 
tively uniform load. A satisfactory solution to this problem is of special interest to power companies 
because a refrigerating load has the desirable feature of 24-hour-a-day constancy, but with improper flywheel 
action may vary from maximum load to some negative value of torque several times a second. To this 
end the Electric Power Club has co-operated with the members of the American Society of Refrigerating 
Engineers in formulating a set of regulations to which the performance of motor-driven compressors should 
conform. A further contribution to the subject is the article below, which we are reprinting in two parts from 
Refrigerating Engineering, and which gives a complete discussion of the whole situation, together with an 
improved method for the accurate calculation of flywheels for this service—EDITOR. 


Some years ago, when several companies 
were asked to make recommendations for a 
flywheel on any particular installation, the 
various flywheels proposed covered a wide 
range of sizes, depending on the company 
submitting the design. The reason for this 
was partly due to the fact that no common 
standard of performance had been agreed 
upon to which the various designers could 
conform. ; 

Recently the American Society of Refrig- 
erating Engineers and the Electric Power 
Club have recommended a standard which 
limits the amplitude of current variation to 
66 per cent of normal: 

It should be especially emphasized that this 
variation is the actual change in current 
which would be shown by an oscillograph, as 
described in Paragraph 6(a) of the specifica- 
tions.) Fig. 1 shows an oscillogram of a 
current variation, and the dotted lines repre- 
sent the envelope. The ordinary ammeter will 
not read this variation correctly. 


Reasons for Limiting Current Variations 


In order to understand this requirement, 
the harmful effects of too great a current 
variation will be discussed, and the reasons 
given for establishing a limit of 66 per cent. 


(}) Paragraph 6(a) of the specification reads as follows: 
(a) The basis of determining this variation shall be by oscil- 
lograph measurement and not by ammeter readings, A line 
shall be drawn on the oscillogram through the consecutive peaks 
of the current wave. This line is the envelope of the current wave 
The variation is the difference between the maximum and 
minimum ordinates of this envelope. This variation shall not 
exceed 66 per cent of the maximum value of the rated full-load 
current of the motor. (The maximum value of the motor arma- 
ture current to be assumed as 1.41 times the rated full-load 
eurrent.) 

(?) Calculated by H. V. Putman, July 26, 1922. 


The question can best be considered from 
three standpoints: (1) the user’s, (2) the motor 
builder’s, and (3) the power company’s. 

(1) The user is probably interested in 
whether or not a large current variation will 
increase his power bill and repair bill. An 
alternating-current ammeter reads the square- 
root of the mean square of the current, and, 
if the current is fluctuating, the ammeter will 
read more than the average current. Fig. 2° 
shows the per cent increase of effective cur- 
rent for different amounts of current variation. 
Thus, with 1380 per cent current variation the 
ammeter will read 10 per cent high. Luckily 
for the customer, the watthour meter will not 
register this additional 10 per cent. 

Fig. 2 also shows a curve marked ‘‘Heat- 
ing.”’ If the current is fluctuating 130 per 
cent, the value of J? will be increased 21 per 
cent. This means that the resistance losses 
in the motor and in the leads will be in- 
creased by the same amount. The armature 
I?R loss in an ordinary synchronous motor 
is about 2 per cent. With 130 per cent 
current variation this would be increased to 
about 2.4 per cent. Thus the motor efficiency 
is reduced about 0.4 per cent by a current 
variation of 130 per cent. The watthour 
meter will read this extra loss and will also 
read a 21 per cent additional J?R loss in the 
leads between the motor and the meter. 

A large current variation causes violent 
fluctuations in torque. If the current varia- 
tion is 130 per cent, the torque will swing 
from 35 per cent to 165 per cent during each 
revolution. This has a tendency to shake the 
coils in the stator, chafing the insulation and 
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finally causing a break-down, unless the 
motor builder has taken special precautions 
in supporting the coils. A deterioration of this 
sort is slow and would probably not take place 
in the first year or two. The result is that such 
a break-down occurs after the motor builder’s 
guarantee has elapsed. 

(2) The motor builder is, of course, inter- 
ested in limiting the current variation, in 
order to assure successful operation of the 
motor. 

The total motor losses which determine the 
heating are, perhaps, 6 per cent. This in- 
cludes a 2 per cent armature /’R loss. If the 
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sis of this past experience shows that whenever 
the current pulsation was less than 60 per 
cent, no trouble was experienced with motors 
shaking to pieces, whereas, in most of 
the cases of failure the current pulsations 
were in excess of 100 per cent. At the 
present time, whenever the author’s com- 
pany furnishes a synchronous motor for 
operation where the current pulsation will 
be over 100 per cent, special precautions are 
taken to stiffen the parts to withstand these 
added stresses. Due to these precautions and 
the general improvement in insulation, the 
few motors which have been sent out in the 
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Fig. 1. Oscillogram of Load Current Variations of a Synchronous Motor 
Driving a Reciprocating Compressor 


armature J?R is increased by 21 per cent, the 
total losses will be 6.4 per cent, and-this wil! 
increase the temperature about 6 per cent. If 
the machine would run normally with a 
4714-deg. C. rise, for a current variation of 
130 per cent, it would probably run with over 
50-deg. C. rise. However, there is usually 
enough margin in a synchronous motor so 
that this is not of much importance. 

— On the other hand, it is necessary to take 
special precautions to prevent a motor from 
shaking to pieces when the torque shifts 
several hundred times a minute from 35 per 
cent to 165 per cent. 

Long before synchronous motors were used 
for driving ammonia compressors, they were 
built for old-fashioned, low-speed air com- 
pressors. When improper flywheels were fur- 
nished, some of these old motors, after several 
years’ service, shook to pieces, after which 
new flywheels were furnished. A rough analy- 

(3) This curve was drawn Se Noa 28, 1921, by Willard C. 


Brown, of the National Lamp Works of the General Electric 
Company. 


last few years for service with current pulsa- 
tions around 120 per cent have given success- 
ful operation up to date. 

(3) The lighting company is probably 
interested in current pulsation only from the 
standpoint of possible flicker of lights, 
damage to meters and voltage regulators, and 
interference with the general service to other 
customers. 

During the same long experience with air 
and ammonia compressor motors, it has been 
noticed that in most of the cases where there 
has been complaint concerning flicker of 
lights the current pulsation has been greater 
than 60 per cent. The current pulsation itself 
does not cause the lights to flicker, but acting 
on the impedance of the line causes the voltage 
to go up and down. Fig. 3°) shows the per- 
centage voltage regulation which will just 
barely cause lamps to flicker. It will be 
noticed that if the voltage varies 400 times 
per minute, a quarter of a per cent variation 
will cause a barely perceptible flicker. If 
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the variation is faster than 400 times a min- 
ute, the percentage can be slightly increased 
without causing flicker, or if it is slower than 
400 the percentage can also be slightly in- 
creased. It should be borne in mind, however, 
that a certain amount of flicker does not seem 
to be objectionable. There are various places 
where the voltage is varying more than shown 
by this curve, and yet there has been no 
complaint about. flicker. In these cases, it is 
usually only possible to see the flicker when 
special attention is called to the light striking 
a polished white wall. 

Where the synchronous motor is a large 
part of the load on the end of a long lighting 
feeder, it is sometimes necessary to restrict 
the current pulsation to considerably less 
than 60 per cent, in order to prevent flicker of 
lights. There was one case where 40 per cent 
current pulsation caused a flicker of lights on 
a long feeder. Another quite conspicuous case 
was that of a synchronous motor on the end of 
a three-mile, 2200-volt transmission line, 
consisting of No. O wire. <A current pulsation 
of 40 per cent caused such objectionable 
flicker that the power company ordered the 
ice plant using the motor off its lines. Calcula- 
tions showed that the current pulsation would 
have to be limited to about 7 per cent, in 
order to restrict the voltage variation within 
the limits of Fig. 3. A new flywheel was 
supplied in accordance with these calculations, 
and since that time there has been no com- 
plaint concerning the flicker. 

Tests have shown that the modern, up-to- 
date watthour meter reads correctly, even on 
a pulsating load. Some of the older meters 
with heavier moving parts were not able to 
speed up and slow down quickly enough to 
follow the pulsating load. But even then, their 
indications were within about one per cent. 

A case is known where an induction type 
voltage regulator was installed on a feeder 
where the current pulsation was excessive. It 
is the author’s understanding that the regu- 
lator had to be removed because it could not 
follow the rapid variations in voltage. 

Before leaving the question of the effect of 
current pulsation, it seems well to point out 


that sometimes flywheels are designed to give 
60 per cent current pulsation with a two- 
cylinder, double-acting compressor. During 
the winter, the customer perhaps disconnects 
one of the cylinders. Unless the flywheel has 
been designed to take care of this arrange- 
ment, a current pulsation of over 100 per cent 


will probably result. The ay erage current is 


50 per cent. In these cases, the current and 
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the torque of the motor reverses twice per 
revolution. The author has seen oscillograms 
which showed a reversal of 30 per cent cur- 
rent. Motors can be built for this service, 
but it seems an unreasonable requirement 
when one considers a 100-r.p.m. motor run- 
ning with the torque reversing 200 times per 
minute from 130 per cent forward to 30 per 
cent backward. 


Erief Outline of the MHistory of the Various 
Methods of Calculating Flywheels 
The fundamental theory of the calculation 
of flywheels for synchronous machinery direct- 
connected to reciprocating apparatus was 
worked out years ago, and has long been 
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Fig. 2. Effect of Current Variation on Effective 
Current Values and Motor Heating 


available in various mathematical books. 
R. E. Doherty and R. F. Franklin in their 
paper, ‘Design of Flywheels for Recipro- 
cating Machinery Connected to Synchronous 
Generators or Motors,’’ which was presented 
at the Annual Meeting of the American 
Society of Mechanical Engineers, December, 
1920, especially mentioned Steinmetz, Berg, 
Astrom, Abbott, Slichter, Boucherot, and 
Hawkins and Wallace, in addition to giving a 
large bibliography of the various articles 
which have been published on flywheels. 

Among the earlier articles on the subject 
which are of particular interest are the 
following: 

(1) ‘Coupling Flywheel Alternators in 
Parallel,’”’ by Paul Boucherot, in Vol. 1, of 
the Transactions of the International Elec- 
trical Congress of 1904, in St. Louis. 

(2) Vol. 3 of ‘“Legons d’Electrotechnique 
Générale,” by P. Janet, 1912. 

Both of these authors give the correct 
theory, but their equations are left in diffi- 
cult mathematical form, which prevented 
their ready adoption by practical engineers. 

Due to the lack of reliable design constants 
and the apparent complexity of the correct 
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mathematical equations, most practical engi- 
neers used a simpler but rather inaccurate 
method of calculation. The torque of the 
synchronous motor was assumed to be con- 
stant and exactly equal to the average torque 
of the compressor. The angular deviation 
from the position of uniform rotation was 
calculated directly from the crank effort 
diagram of the compressor and the inertia of 
the flywheel and rotating parts of the com- 
pressor and synchronous motor. 
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Fig. 3. Voltage Fluctuations Necessary to Cause 
Lamp Flicker at Various Periodicities 


The errors in this method of calculation are 
thoroughly discussed in a paper by the author, 
in the November, 1922, GENERAL ELECTRIC 
ReEviEw entitled, ‘‘Error Due to Neglecting 
Electrical Forces in Calculating Flywheels 
for Reciprocating Machinery Driven by 
Synchronous Motors.”’ 

It was realized that the constant torque 
method was not accurate and would not give 
the correct deviation, if the natural fre- 
quency of vibration due to the synchronizing 
torque of the motor and the inertia of the 
flywheel and rotating parts was close to one 
of the forced frequencies of the crank-effort 
diagram. But experience showed that if the 
angular deviation calculated from the crank- 
effort diagram was restricted to a certain 


‘limit and, if the natural frequency of vibration 


was at least 20 per cent different from the 


nearest forced frequency, successful operation 
would be obtained. 

The limits of angular deviation for this old 
method of calculation were gradually in- 
creased from + 2 electrical degrees to + 34% 
electrical degrees. This increase was made in 
steps of half a degree, from 2 to 2% to 3 to 
34, and was largely based on experience. 

The paper presented by Doherty and 
Franklin at the December, 1920, meeting of 
The American Society of Mechanical Engi- 
neers, was the first publication with which the 
present author is familiar, which showed oscil- 
lograph tests of an actual installation as a 
check on the correct theory of calculation. 

But, even as late as 1920, this paper by 
Doherty and Franklin calculated angular 
deviation in electrical degrees. It was largely 
a scientific justification for the double limit 
in terms of 3% electrical degrees deviation, 
neglecting the electrical forces, and 20 or 25 
per cent differences between the natural fre- 
quency of vibration and the nearest forced 
frequency. However, in justifying these limits, 
Mr. Doherty pointed out that the real limit 
was current variation. The following quota- 
tion from the paper is of interest: 

“How much current fluctuation shall be 
accepted as reasonable and safe? One or 
two per cent is, of course, absolutely harm- 
less. On the other hand, 100 per cent would 
obviously be out of the question. Con- 
siderations such as the possible voltage 
fluctuation, increased loss and heating, 
fatigue of materials, particularly the insula- 
tion, subjected to the incessant reversal of 
stress—these considerations must deter- 
mine the allowable pulsation. While ex- 
perience has perhaps not yet finally settled 
the matter, it now seems that the pulsation 
should never be greater than 50 to 60 per 
cent of normal current. This means that 
the total actual angular fluctuation during 
operation must be limited to the order of 
six to ten electrical degrees, that is, three to 
five degrees plus or minus deviation. .. .”’ 
The paper also pointed out that in certain 

instances, if the angular deviation, as deter- 
mined by the crank effort alone, did not 
exceed 34% electrical degrees and the natural 
oscillating frequency was not within 25 per 
cent of any forced frequency, the actual 
angular deviation would not be more than 
plus or minus six degrees and the amplitude 
of current variation would be in the neighbor- 
hood of 50 or 60 per cent. 

Appendix D of the paper by Doherty and 
Franklin contained a formula for angular 
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deviation from the position of uniform rota- 
tion, as follows: 


Ls ce RL {me 


M, wt Nn 
Nmba— Mindm l 
+arctan Ne gears aes) (1) 
Where @ = angular deviation in eee 
radians 
Mn = Tamw 
Nin = ae, 
Ts = synchronizing torque per me- 
chanical radian displacement 
: ; WR? 
I = moment of inertia = 


Tag = damping torque due to amor- 
tisseur winding per mechanical 
radian per second slip 

@® = synchronous speed in mechani- 
cal radians per second 

Qm and b» = coefficients of the Fourier’s 
series, representing the crank 
effort diagram of the compressor. 

Shortly after the publication of Mr. 
Doherty’s paper, it was decided to use the 
correct method of calculation and aim for a 
limit of 60 per cent current variation. 

About that time, the De La Vergne Ma- 
chine Company asked advice concerning a 
flywheel for a 40-pole 360-kv-a., 450-h.p. 
unity p-f., 180 r.-p.m., 440-volt synchronous 
motor, for connection to a two-cylinder, 15-in. 
diameter by 18-in. stroke, double-acting 
ammonia compressor with cranks at right 
angles. On March 4, 1921, a report was sent 
to the De La Vergne Machine Company that, 
by the correct method of calculation, no extra 
flywheel would be required and the current 
variation would be about 48 per cent. This 
was the first time that the lengthy method of 
calculation from Appendix D of Mr. Doherty’s 
report had ever been applied to a problem 
arising in the regular routine of business. 

Later tests on this machine showed a cur- 
rent pulsation of 53.6 per cent. A complete 
description of these tests is given in the article 
by the present author, entitled ‘‘Error Due 
to Neglecting Electrical Forces in Calculat- 
ing Flywheels for Reciprocating Machinery 
Driven by Synchronous Motors,” in the 
November, 1922, GENERAL ELECTRIC RE- 
VIEW. 

Figs. 1 and 4 taken from page 697 of this 
article show the comparison of the calculated 
wave shape of the current variation and the 
envelope of the oscillogram obtained from 
test. It was quite a surprise to find how 
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closely the shape, as well as the amplitude of 
the current pulsation, had been estimated. 

The new method made it possible to 
recommend flywheels very much lighter than 
those which would have been required by the 
older system. 

During the summer of 1921, from March 
to November, flywheels were calculated for 
various propositions and requisitions by this 
long and laborious method. 

During the summer of 1921, there was a 
great deal of interest aroused in the general 
principle of relativity. A very homely applica- 
tion of this principle to equation (1) showed 


8 A Ele etetahel 
ac eEerePS SEE ESESEIEGE 
£ RH KI BRBS 
ae CER CEEEEEEEEEE 
: HAF HH H 
Se LEELA asec BREE EEE 
Sais A) Por 
g ve NY 
§ 100 / . itt 
2 AG, 
es Sabra 
5 YA 
0 50 NTA T 
a Pr ty 
3 70 aa 
c 60 a. 
= 50 Oscillograph Fig.3 
8° L----- Calculated Current Pulsation Based on Actua! Operating | | | 
3 40 Conditions Ba 
a _—-— Calculated Current Pulsation Based on Predicted Operating 4 
grate) i 
S TE EY 
§ ECHR eee 
3 EERE EEE EEE EEE EEE EEE PEE 
3 
é HHH HCH akooue 
i EEEEEEEEEEEEEEEEEEEEEEEEEEE 
t OF i BoB CI 


? 60 80 100 120 140 160 180 200 220 240 260 280 300320 20 340 360) 
= tose 00. S20 240 ; 20 40 60 80 100 120 140 160 180 200 220 240 260 
¥ Degrees 
5 Leading Cylinder at CrankEnd 
us Lagging Cylinder at Crank End 


Fig. 4. Comparison Between Computed Variation 
Curves and Actual Oscillograph Records 


that the per cent current variation would be 
the same for two similar compressors of dif- 
ferent sizes and speeds, if the constant 


S4 
oes 2 8 

x=WR Php (2) 
and the ratio 

_ Indicated hp. of Compressor (3) 

Rated hp. of Motor 
were the same for both installations where 
S= T.p.m: 


Synchronizing torque 
expressed in kw. per 
electrical radian 


=EW =ratio kw. rating of Motor. 


f = Frequency of alternating current 
supply. 

By November, 1921, quite a number of cal-. 
culations had been made by the long method 
for different compressor installations. For 
each of these calculations, a curve of current 
variation against Wk?’ had been plotted. With 
this principle of relativity in mind, all these 
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data were replotted on one sheet, no longer 
using WR? as abscissa, but using a value of x 
given by equation (2), and no longer using 
per cent current variation as ordinate but a 


value of 
_ Current pulsation 


nf p 
As a matter of historical interest, this 
original curve, Fig. 5, which was drawn on 
November 28, 1921, is reproduced here. It 
was found that the several dozen calculations 
for these three classes“) of compressors, made 
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and requisitions. At the same time, further 
calculations were made to check up the 
accuracy of the curves. Further experience 
showed that other parameters were required 
in addition to /, the ratio of connecting rod 
length to crank length. For instance, the 
weight of reciprocating parts was found to 
make quite a difference in compressors of 
Class 2. 

Other curves. were also prepared for com- 
pound compressors and compressors operating 
under unbalanced conditions. 
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during the summer of 1921, fell within the 
limits of the curves as shown. The wide varia-~ 
tion in the curves for Class 2, which originally 
was thought to be due to the ratio of connect- 
ing rod length to crank length from / = 4.38 
to 1 = 6.05, was found later to be an error 
due to the use of a wrong crank effort dia- 
gram. For compressors of this class (No: 2), 
the value / does not cause so much variation 
in the curves as does Q, which is the function 
of the weight of reciprocating parts. 

These curves were immediately put into 
use in the estimating of proper flywheels, in 
order to speed up the service on propositions 

(4) ee 1 Single cylinder, double acting. ; 


lass 2 Two cylinder, single acting. 
Class 3 Two cylinder, double acting. 
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Curves Used in Expediting the Computations of Compressor Flywheels 


After the A. S. R. E. and the Electric 
Power Club had recommended that the calcu- 
lations be made for normal summer pressures 
with 20-lb. suction and 185-lb. discharge 
and maximum pressures with 30-lb. suction 
and 215-lb. discharge, it was decided to 
recalculate all these curves for these con- 
ditions. 

Due to the rush of work, these recalcula- 
tions have only been completed for the three 
main classes of compressors. .E. E. Johnson, 
of the General Electric Company, has made a 
very interesting set of curves for these three 
classes of compressors with the various para- 
meters. These will be shown and discussed 
tnebateel 


(To be Continued) 
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A Study of Crystal Structure and Its Applications 
PART VI* 


THE POWDER METHOD OF CRYSTAL ANALYSIS 
By Dr. WHEELER P. Davey 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 


In the preceding installments of this series on Crystal Structure Analysis, the author has explained the 


theory and the technique of the Laue and Bragg methods of x-ray analysis. 
specimen used was a single crystal, often difficult or impossible to obtain. 


In both of these methods the 
The author now takes up the 


so-called ‘‘Powder’’ method, which has the advantage of analyzing the unknown crystal in a finely divided 


form. 


Thus, by employing the substance as fillings or powder, this method is capable of handling almost 
any substance whose atoms normally have a crystalline arrangement. 


The procedure, together with the 


interpretation of its results, is given in the present article and in those to follow.—EDIToR. 


The Powder Method 


This method was devised independently 
by A. W. Hull“) and by P. Debye and P. 
Scherrer.“ Just as the Laue and Bragg 
methods were named after the men who first 
employed them, so in naming this method an 
attempt was made to honor those who 
originated it by calling it the ‘‘ Hull-Debye- 
Scherrer”? method. The awkwardness of this 
name has been responsible for the widespread 
use of the descriptive title ‘‘ Powder Method.”’ 
This method uses a beam of essentially 
monochromatic x-rays as does the Bragg 
method, but instead of using perfect single 
crystals, it uses crystals which have been 
crushed to such a fine powder that the frag- 
ments have a random or chaotic orientation. 
Such a powder requires no rotation, for, 
since every atomic plane is present in every 
possible orientation, there must be some 
individuals from each family of planes which 
are oriented at the correct angle to diffract 
the monochromatic x-ray beam. If the 
volume of powder used is large enough and the 
fragments are sufficiently small, there will be, 
for any given family of planes, many individ- 
uals correctly oriented, so that the combined 
effect for any one plane is much the same as 
might be expected from a large single crystal 
having the same orientation. Experimentally 
it is found that in most cases the powder is 
fine enough if it will go through ‘‘200-mesh’’ 2) 
‘ bolting cloth and that it is of sufficient 
rod Bi slat BeO9s ord Pho So. Ot. 196. Ps 


(1) P. Debye and P. Scherrer, Nachr. d. Kgl. Ges. Wiss. Got- 
tingen, (1915-16) Phys. Zeit, 17, 377 (1916) 18, 291, 301 (1917). 


( } 7, 277 
8 The openings in such cloth are of the order of 0.06 mm. 


amount if it will fill a cylindrical container 
about 34 mm. in diameter and about 10 mm. 
long, i.e. if the total volume is about 5 cubic 
mm. Since every atomic plane in the pow- 
dered crystal has some representatives at the 
correct angle for diffraction, the whole 
diffraction pattern may be photographed 
simultaneously. 


Fig. 36. 
(a) View from top 


Typical Apparatus for the Powder Method 
(6) View from side 


The powder method may be used with any 
crystalline substance. It is the only method 
which can be used with that large class of 
substances which cannot be obtained easily 
in the form of perfect crystals of appreciable 
size. This class includes not only most metals 
and their alloys, but also a large number of 
compounds. For instance, the writer wished 
to study: the crystal structure of calcium 
selenide, CaSe. As this was not an article of 
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*References made to material hitherto published in this series of articles may be readily located from the following table: 


Issue 


Figs. 
Part I, Nov., 1924; p. 742 1 and 2 
Part II, Dec., 1924; p. 795. 3 to 10 
Part III, Feb., 1925; p. 129 11 to 22 
Part IV, Apr., 1925; p. 258 23 to 28 
Part V, May, 1925; p. 342 293to 35 


Equations Tables Footnotes 
1 to 16 1 and II 1 to 21 
17 to 32 III 22 to 27 
33 to 37 IV 28 to 42 
38 to 41 None 43 to 48 
None None 49 
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commerce, it had to be made for the occasion 
by heating weighed lumps of metallic calcium 
and selenium in a hard glass tube which had 
previously been evacuated and sealed off. 
The reaction took place with explosive 
violence, shattering the glass tube to small 
bits. These bits were gathered, and on the 
concave side of each was found a thin layer 
of dark scale. This was scraped off and 
found to be composed of crystals of CaSe. 
Crystallization had taken place during the 
time in which the explosion took place, 
thus giving rise to extremely minute crystals. 
They were examined by the powder method 
with complete success, although they were 
obviously quite unsuited for either the 
Laue or Bragg methods. 


Ly a / 


Fig. 37. Filling a Specimen Tube 
(b) End of stroke 


(a) Beginning of stroke 


Experimental Technique of the Powder Method 

A typical arrangement of x-ray tube, slits 
and specimen is shown diagrammatically in 
Fig. 36. Slits S; and S, serve to define the 
x-ray beam. SS; cuts off any diffraction 
pattern from the crystals on the edge of Sy. 
The specimen of powdered crystal is at C. 
In the type of apparatus illustrated, the 
width of the specimen is less than that of the 
x-ray beam, so that the effective width of the 
beam is determined by the width of the 
specimen. The diffraction pattern is recorded 
on the photographic film P. The filter F 
renders the rays practically monochromatic 
(see Part IV). The trap T not only prevents 
over-exposure from the undeviated beam, but 
also by its shape prevents fogging the film by 
rays scattered by the trap from the primary 
beam. A septum in the film-holder allows two 
diffraction patterns to be taken on the same 
photographic film. 

Ordinarily if the specimen is a salt or some 
other brittle type of crystal, it is crushed in an 
agate mortar. If the specimen is a metal it 
may be reduced to filings using only light 


(1) GENERAL ELEctTRIC REVIEW, 27, p. 745, Nov., 1924. 


pressure on a very fine, clean file. The 
powder or filings are then sieved through a 
clean 200-mesh silk bolting cloth. This 
powder may be mounted in any of several 
ways. Probably the most common method is 
to fill it into a thin walled glass tube of about 
0.6 mm. internal diameter. Care must be 
taken that the glass contains only elements of 
low atomic weight. Lead-free lime glass, 
such as is made for x-ray bulbs by the Vine- 
land Flint Glass Works (Vineland, N. J.) 
or pyrex glass tubes, are suitable. They may 
be drawn down easily from larger sized 
tubing. Corning glass, known as 707 BM, 
from the Corning Glass Works (Corning, 
N. Y.) is especially good. Ordinary hard 
glass usually contains a little lead and is too 
opaque to the x-rays. In some cases celluloid 
tubes might be used to advantage. 

These tubes may be loaded rapidly and 
with little danger of breakage by means of the 
following technique. (1) A plug of cotton is 
pushed into the tube to a point midway 
between the ends, using as a ramrod a piece 
of 10-mil wire of platinum, molybdenum, 
tungsten, or other non-corrosive material. 
The plug should not be longer than the 
width of the septum in the film-holder (see 
Fig. 36 b). (2) The open end of the tube is 
scraped along the bowl of the mortar con- 
taining the crushed crystal, starting at the 
bottom and ending at the top (see Fig. 37, 
a and b). (3) The tube is then held verti- 
cally between the thumb and index finger 
of one hand and the thumbnail is tapped 
with a pencil. This causes the powder to 
drop into the tube. (4) These operations are 
repeated until enough powder has been 
collected to extend from the septum to a 
point beyond the edge of the x-ray beam. A 
second piece of cotton is then inserted to keep 
the powder in place. (5) The whole pro- 
cedure is repeated in loading some other 
crystal into the other half of the specimen- 
tube. The first powdered crystal to be 
loaded is some substance used as a com- 
parison standard, usually NaCl (a=2.814 A) 
which is the secondary standard for inter- 
planar distances.“ The second substance 
is the one under investigation. The two ends 
of the tube are then plugged with sealing 
wax with the aid of an electrically heated 
nichrome hairpin, and an identification tag is 
waxed on. Care must be taken that no 
sealing wax is on that part of the tube 
exposed to x-rays, for in such a case the 
inorganic filler in the wax will produce 
a diffraction pattern of its own. If the 
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powdered crystal is slightly hydroscopic the 
agate mortar must be kept heated to about 
100 deg. C. on a hot plate during the loading 
operation. A full-size diagram of the loaded 
tube is shown in Fig. 38. 

It is often advisable to anneal the sieved 
powder. The act of crushing or filing intro- 
duces strains into many crystals, thus pro- 
ducing ‘‘warped planes’? of atoms. The 
effect of warping on the intensity of the 
diffracted beam is not very marked for those 
planes which are farthest apart, but becomes 
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Fig. 38. Diagram of Filled Specimen Tube 


quite serious for those planes in the crystal 
whose interplanar distance is small. Besides 
reducing the efficiency of diffraction at large 
angles, warping decreases the resolving power 
of the crystal fragments. It has already been 
explained in Part IV that the nearest con- 
venient approach to monochromatic x-rays 
gives a beam containing two wavelengths, 
called a; and a», which differ from each other 
by less than one per cent. Each of these is 
diffracted by the crystal powder independ- 
ently of the other, so that if the angle of 
diffraction, @, is large enough (in the case of 
Mo rays this angle is about 21 deg. for a 
specimen in-a cylindrical container about 
0.6 mm. in diameter) each ‘‘line’’ of the 
diffraction pattern should be a doublet if the 
crystal is composed of true planes of atoms. 
If the crystal fragments in the powder have 
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of diffraction in addition to the real loss 
just mentioned. This may be illustrated 
by an experiment with tungsten. A tungsten 
incandescent lamp was burned for four hours 
at its rated voltage in order to anneal the 
filament thoroughly. The filament was then 
removed and crushed to a powder in an agate 
mortar. Half of this powder was’ then 
re-annealed in hydrogen at the same tem- 
perature as before in order to remove the 
strains produced by crushing. Diffraction 
patterns of the two portions were taken side 
by side on the same film. They are shown in 
Fig. 39. 

While the primary beam is traversing the 
specimen it suffers absorption. Still further 
absorption occurs in each of the diffracted 
beams on their way out from the specimen. 
If the specimen is mounted as shown in 
Fig. 36, the optimum thickness of crystalline 
material is approximately 


f= (42) 


where wis the coefficient of absorption of the 
crystal for the wavelength of x-rays used.“ 
This may be shown as follows: 

If the original intensity of the incident 
primary beam is Jo, the intensity after passing 
through a distance x is reduced to 


Teh es 
The initial intensity, d Jz, of a diffracted 
beam from a layer of thickness dx at a dis- 


tance x below the surface must be propor- 
tional to dx and to J;, so that 


d le=kl,dx=kIy e—** dx 


The path of the diffracted beam to the surface 
of the crystalline material may be expressed 


Fig. 39. Diffraction Pattern of Strained (above) and Unstrained Tungsten (below) 


warped planes, each line of these doublets is 
widened out until the lines of the doublet tend 
to become merged into a single line of rather 
hazy outline. The total energy of the 
diffracted beam from the warped planes is 
spread out over a larger area of the photo- 
graphic film, so that the ‘‘line”’ is less black 
on the film than it otherwise would be. 
This gives the effect of a decrease in efficiency 


approximately as (t—) where tis the thickness 
of the specimen in the direction of the incident 
beam. The intensity J; of the emergent 
diffracted beam is therefore approximately 


Is= fj klo e—# e-* 9 de 


= {, klve-#! dx 
=kI)t e~# 


A STUDY OF CRYSTAL STRUCTURE AND ITS APPLICATIONS 589 


This will be a maximum iat = (0, 1.e. when 


Pee 

Me 
It is obviously not convenient to use 
specimen tubes of different diameter for 
different crystalline materials. The same 
effect may be obtained, however, using tubes 
of constant diameter, by diluting the powdered 
crystal with some amorphous material of 
low opacity to the x-rays. Gum tragacanth 
is sufficiently amorphous for this purpose. 
For many crystalline materials the diffraction 


a number. This represents the number of 
volumes of diluting material to be mixed 
with one volume of an element at that end 
of the row. If the cry stal is a compound, the 
weighted average is taken of the dilutions 
for the elements in the compound, the weights 
being proportional to the number of atoms of 
the element in the chemical formula for the 
compound. 

In certain cases the glass specimen-tube 
may be dispensed with. If the specimen is not 
hydroscopic and is not readily oxidized in the 
air, the powdered crystal may be mixed with 
an amorphous adhesive such as gum traga- 
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Fig. 40. Empirical Dilutions of Powdered Material 


pattern is so strong in comparison with that 
from cellulose that cornstarch or flour may 
be used as a diluent. In general, the higher 
the atomic number, the greater is the coeffi- 
cient of absorption of the crystal. For this 
treason, from the standpoint of equation 
(42), crystals composed of elements of high 
atomic number should be very greatly 
diluted. There are, however, practical limits 
to the amount of dilution, for a point is soon 
reached where there are not enough crystal 
fragments present in the material which can 
be packed into a specimen tube to give 
a truly chaotic orientation. Fig. 40 gives an 
empirical schedule, used by the writer, for 
diluting powdered crystals. At each end 
of the horizontal rows of Fig. 40 will be found 


canth and pressed up into a thin slab having 
a flat straight edge. This slab may then be 
mounted with its edge at C, Fig. 41, so as to 
make a very slight angle with the primary 
beam. The edges of the lines in the diffrac- 
tion pattern are sharpened if some opaque 
amorphous material like lead glass is used as 
a backing. In some cases it is possible to 
substitute for the slab and lead glass a 
strip of thin cardboard which has a layer of 
the powder stuck on itsedge. The crystals of 
mechanically worked metals are usually quite 
small. If the specimen to be examined 
is a thin sheet of metal having a straight edge 
it may be mounted in the same manner as 
the slab described above. Most metals are 
sufficiently opaque to the x-rays used in 
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crystal analysis so that the lead glass ‘‘back- 
ing’’ is unnecessary. If the metal is in the form 
of a.thin wire it may be stretched out in the 
path of the beam, so as to take the place of 
the specimen tube of Fig. 36. This is one of 
the most desirable methods of mounting a 
specimen when no other diffraction pattern 
is to be taken on the same film for purposes of 
comparison. If a comparison pattern is 
desired, the wire and the comparison-stand- 
ard may be mounted along the same straight 
line on the edge of an amorphous holder such 
as a slab of pressed gum tragacanth or a 
sheet of glass, or the wire and the comparison- 
standard may be inserted in opposite ends of 
a glass or celluloid specimen-tube. If the 
wire is of very fine diameter it is best to use 
several lengths side by side. For 5-mil wire 
six or seven lengths are sufficient. 

St. John®) has applied the principal 
of the ‘‘Seemann slit’’“4) to powdered 
crystals. The specimen is a pressed slab of 
powdered crystal diluted with gum traga- 
canth. Since the reciprocal of the dilution is 
made proportional to the thickness, ¢, of 
equation (42) the dilution must be roughly 
proportional to the coefficient of absorp- 
tion, uw. An x-ray beam passes a pair of slits, 
(Fig. 42) and falls upon the specimen-slab. A 
narrow slit adjacent to the slab permits 
x-rays to pass to the photographic film. 
Each of the diffracted beams comes from a 
different part of the slab, so that homogeneity 
of the slab is essential. It is important too 
that the x-ray beam be used only at a small 
angle from the face of the target so that all 
parts of the slab are irradiated uniformly. For 
any given “‘line’’ in the diffraction pattern the 
effect is the same as if all the crystalline 
material in the path of the x-rays composing 
that ‘“‘line’’ had been crowded up into the 
specimen tube of Fig. 36. The advantage of 
the scheme is that although the glass specimen 


583A. St. John, Am. Ass. Adv. Sci. Jan. 1, 1925. 
54H. Seemann, Phys. Zeit. 20, 169 (1919). 
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tube is eliminated, thus avoiding variations in 
the general fog on the photographic film 
caused by variations in the thickness of the 
glass wall of the specimen-tube, the slits 
cause the lines on the diffraction pattern 
to be very clean and sharp without the 
necessity of preparing a specimen with a 
narrow edge. The scheme is, of course, as 
unsuited to hydroscopic substances or to 
subtances which tend to oxidize in the air, 
as is the scheme of Fig. 41. 


Fig. 41. Powder Method Applied to a Pressed Block 


The Diffraction Pattern and Its Interpretation 

It is inherent in the powder method that all 
the families of atomic planes in the specimen 
send out their diffracted beam simultaneously. 
A single photographic film may therefore be 
made to record the whole diffraction pattern, 
or as much of it as may be desired. Each 
family of planes in the powdered crystal 
produces a line on the film for its first-order 
diffracted beam and additional lines for such 
other orders of diffraction as may be physi- 


cally possible, provided only that a is less 
than unity, see equation (1). The photo- 


graphic record of the diffraction pattern is 
therefore a series of lines whose angular 
distances from the ‘‘zero line’’ (photographic 
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record of the undeviated beam) are character- 
istic of the various interplanar spacings in the 
crystal: From these angular distances, and 
the wavelength of the x-rays, the interplanar 
spacings may be calculated at once from 
equation (1). 
Knowing the interplanar spacings, it is 
possible, at least in the case of the simpler 
crystal systems, to find by systematic cut- 
and-try methods an arrangement of atoms in 
space which will account for the observed 


Fig. 42. St. John’s Application of a Seemann Slit 


interplanar distances. The situation may 
be visualized by the following illustrations in 
two dimensions. If the trees of an orchard 
are planted according to some systematic 
geometrical scheme, they will appear to be in 
rows whose direction and distance apart will 
depend upon the position of the observer with 
respect to the orchard. Now suppose that the 
reader had never seen the orchard, but had 
been supplied with data giving the distance 
apart of these various rows of trees, and 
suppose that it is required to draw a map to 
scale showing the positions of the trees in the 
orchard. It would be necessary to list the 
data in a column in the order of the size of the 
numbers, starting with the largest number 
at the top of the column. In a parallel 
column a corresponding list would be made of 
the ratios of the several distances to the 


largest distance, as in Table V. Some 
geometrical configuration of trees must now 
be assumed and the ratios of distances 
required by that configuration must be 
compared with the tabulated ratios. If they 
do not agree, a new configuration must be 
assumed and its ratios compared with those 
listed from the data. The data of Table V 
are from an orchard set out so that the trees 
are at the corners of imaginary squares, for 
such a configuration gives ratios of 1, 1/,/2, 
1/75, 1/10, 1/+/13, 1/17, etc., which are 
identical with the ratios of the tabulated 
data. It is evident that the side of the 
imaginary unit-square is 25 feet long. 

Suppose the distances between rows had 
been those listed in the first column of 
Table VI. Certain of the ratios in the second 
column are identical with those of Table V. 
Such an accidental agreement cannot be 
taken to mean that the plan of the orchard of 
Table VI is a simple square, for if every 
experimental ratio is not duplicated within 
the precision of the data in the table of 
calculated ratios, the solution cannot be valid. 
Trial shows that every experimental ratio is 
duplicated in the ratios calculated for a cen- 
tered square. In this configuration some of the 
trees are at the corners of imaginary squares 
and additional trees are at the centers of these 
squares so that the configuration is that of a 
“figure five’’ on dice. The actual distances in 
Table VI may be accounted for if the side of 
the unit-square is 25 feet long. If the side of 
the square is taken as the unit of measure, 
the experimental distances give the ratios 
listed in the fourth column. The correspond- 
ing calculated ratios are given in the fifth 
column. A comparison of the fifth column 
of Table VI with the third column of Table V 
shows that the effect of the additional trees 
has not been to produce rows in new directions 
in the orchard, but only to cut in half the 
distances between those rows which have one 
even Miller index. 


TABLE VI 
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i Distances Between Ratio from Experi- | Ratio Calculated for 
4 ment 17.7=1.00 Centered Square 
leo es 1.00 1.00 
12.5 0.71 0.707 
7.9 0.45 0.447 
5.6 0.32 0.316 
3.4 0.19 0.195 
3.0 il 0.171 


Miller Indices for 


- a aa 
Base Hore Data | Relic Calgelated f+ | ows of Centered 
quare 

0.71 0.707 ile a 

0.50 0.500 150 

0.32 0.316 oe) 1 

0.22 0.223 ae | 

0.14 0.1388 ee 

0.12 0.121 4,1 


592 August, 1925 GENERAL ELECTRIC REVIEW Vol. XXVIII, No. 8 
TABLE VII: INTERPLANAR SPACINGS IN TYPICAL CUBIC CRYSTALS 
Pi INTERPLANAR SPACINGS, INCLUDING THE FICTITIOUS SPACINGS FOR VARIOUS ORDERS OF DIFFRACTION, 

Miller Number of n=2 2=3. 255. 
Indices h?+k?+1? |Families of d 

h, Planes Simple, Cube Body-centered Cube Face-centered Cube Diamond Cube 
100 1 3 1.00 

110 2 6 0.707 0.707 

111 3 4 0.577 0.577 0.577 
100 4 3 (n =2) 0.500 0.500 0.500 

210 5 12 0.447 

ental 6 12 0.408 0.408 

110 8 6 (n=2) 0.354 (n=2) 0.354 0.354 0.354 
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310 10 12 0.3160 0.3160 
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320 13 12 0.2774. 

321 14 24 0.2672 0.2672 
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ae 17) 122} 0.2423 | , 

322 Tf re 0.2423 f 
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110 18 f 6 f (n=3) 0.2358 f (n=8) 0.2358 
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210 20 12 (n=2) 0.2234 0.2234. 0.2234 

2D) 21 24 0.2180 

332 22 12, 0.2132 0.2132 
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100 25 3 (n=5) 0.200 
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511 } 97) 12 0.1923 \ 1923 | 0.1923 | 
111 oT 4 | (n=38) 0.1928 (n=8) 0.1923 { (n=3) 0.1923 
520 } 99 ) 12 0.1856 

432 29 24 0.1856 

521 30 24 0.1826 0.1826 

110 32 6 (n=4) 0.1766 (n=4) 0.1766 (n=2) 0.1766 (n=2) 0.1766 
530 | 12) 0.1714 \ 

433 f 12 0.1714 f{ 

531 24 169 0.169 
jee 3 (n=3) 0.167 \ (n=3) 0.167 

221 1s 0.167 .167 

611 | 12 0.1621 

532 24 | 0.1621 i 

310 12 (n=2) 0.1580 0.1580 0.1580 
533 ee 0.1525 0.1525 
311 12 0.1507 (n=2) 0.1507 

631 24 0.1474 . 

111 4 (n=2) 0.1442 (n=4) 0.1442 (n=4) 0.1442 
110 | 6 (n=5) 0.1414 

710 12 0.1414 

543 24 | 0.1414 

711 12 0.1400 0.1400 
551 12 0.1400 0.1400 } 
pou 2 0.1387 0.1387 

211 12 (n=8) 0.1360 ) 

552 12" .1360 

721 24 .1360 

321 24 (n=2) 0.1336 0.1336 0.1336 
730 12 1312 

553 12 0.1801 } 0.1301 
731 24 f 0.1301 / 0.1301 
732 24 0.1270 ‘ 

651 24 0.1270 2 
100 3 (n=4) 0.1250 (n=4) 0.1250 (n=2) 0.1250 
741 24 1230 

811 124 0.1230 

554 12 0.1230 
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The interpretation of the diffraction pat- 
tern of a powdered crystal is much like the 
foregoing illustration except that there are 
three dimensions to be considered instead of 
two, and the data include fictitious distances 
d/n caused by lines in the diffraction pattern 
corresponding to the 2nd, 3rd, etc., orders of 
diffraction. In the cubic system it is easy 
with the aid of equation (18) to make reference 
tables, such as Table VII,“ of interplanar 
distances taking the side of the unit-cube as 
the unit of length. The fictitious distances 
are listed in the table as though they actually 
existed, so that the table corresponds to all the 
interplanar distances calculated from the 
diffraction pattern just as truly as Tables V 
and VI correspond to all the distances 
measured in the orchards. An inspection of 
Table VII shows that the pattern for a 


& & 


Fig. 43. Effect on Diffraction Pattern of Complicating the Crystal Structure 


simple cubic crystal contains every possible 
line which can be produced by a crystal 
having cubic symmetry. When the crystal 
structure is made more complicated by placing 
additional atoms in symmetrical positions in 
the simple cube without changing the dimen- 
sions of the cube, the effect is not to add more 
lines but to wipe out certain lines from the 
simple cubic pattern. This is brought out in 
Fig. 43 which is plotted from Table VII. The 
actual diffraction patterns differ from those 
of Fig. 43 in that they include the sine law of 
equation (1). 

Equation (18) shows that each spacing for 
a simple cube is the reciprocal of the square 
root of the sum of three squares. These 
spacings therefore decrease in regular fashion 
for the first six lines of the diffraction pattern. 
There is, however, no line corresponding to 


1/\/7 for no three squares can add up to 7. 
Similar breaks may be found at 1//15, 


1/4/23, 1/+/28, etc., If therefore a diffraction 
pattern is found to have six lines regularly 


spaced, followed by a vacant place where the 
seventh line might be expected, it should be 
tested quantitatively at once to see if the 
ratios of spacings correspond to those of a 
simple cube. The spacings for the first six 
planes of a body-centered cube decrease in a 
regular way like those of a simple cube. In 
fact if, in Table VII, instead of using as a 
unit of measure the side of the unit-cube we 
had used the largest interplanar spacing 
calculated from the diffraction pattern (the 
1 1 O planes) we should have found exactly 
the same ratios as in the simple cube. The 
fundamental reason for this is that, for the 
body-centered cube, the numerator of equa- 
tion (18) is unity only when the denominator 
is the square root of an even number. The 
diffraction pattern of a body-centered cube 
differs markedly, however, from that of a 
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simple cube in that there is no break in the 
regularity of spacing of the lines until after 
the 13th line. The diffraction pattern of a 
face-centered cube has the first nine lines 
grouped so as to form three repetitions of 
‘‘a pair followed by a single line.”” The tenth 
line, corresponding to the spacing 1/1/26, 
would be the first line of the next pair except 
that the second line of the pair would corre- 
spond to a spacing 1/+/28 which cannot exist. 
The sequence of ‘‘pair and one” is con- 
tinued for three more groups after which it is 
broken .up again by missing lines. The 
diffraction pattern of a diamond cube consists 
of a single line followed by a succession of 
pairs. 


Graphical Methods of Interpretation 

The quantitative examination of the 
diffraction pattern of a cubic crystal is 
easiest made with the aid of a slide rule. If 
the slide of the slide rule is turned so that the 
numbers are up-side-down, and the ends of 
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the scales are made to register with each 
other (Fig. 44), it will be found that readings 
on the lower scale of the body of the slide 
rule are opposite the reciprocals of their 
squares on the inverted slide. If the slide is 
pushed along, any two readings on the lower 
scale of the body of the rule have the same 
ratio as the reciprocals of the square roots of 
the corresponding readings on the lower 
(adjacent) scale of the inverted slide. The 


Fig. 44. Slide Rule Arranged for Quantitative Study of Diffraction 
Patterns of Cubic Crystals 


interplanar distances of a crystal, as cal- 
culated from the diffraction pattern with the 
aid of equation (1), are therefore plotted on 
the lower scale of the body of the slide rule, 
using a soft lead pencil. The interplanar 
distances usually measured from the diffrac- 
tion pattern range for most crystals from 
2 or 3 A down to about 0.6 or 0.7 A. At 
1.00 A the plot runs off the left-hand edge 
of the scale and must be continued at the 
right-hand end. The inverted slide is pushed 
along until ‘‘1’’ is opposite the pencil mark 
corresponding to the greatest interplanar 
distance. Suppose the next pencil mark is 
found opposite ‘‘2,”’ the next opposite ‘‘3,”’ 
etc. Taking note of the reading on the slide 
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same ratios as those listed in the fourth 
column of Table VII. If an exact match is 
not obtained the slide is moved back until 
““2”" on the inverted slide is opposite the 
pencil mark corresponding to the greatest 
interplanar distance. Then if all the pencil 
marks are opposite even numbers on the 
inverted slide, the crystal is body-centered 
cubic. If an exact match is still not found the 
slide is moved back until “3”’ on the inverted 
slide is opposite the first pencil mark, 
and the pattern, as plotted out on 
the body of the rule, is examined 
to see whether every pencil mark is 
opposite an integer on the inverted 
slide. If so, a comparison with the 
ratios of Table VII will show whether 
the diffraction pattern is charac- 
teristic of a face-centered or of a 
diamond cube. A _ similar procedure may 
be employed for still other types of cubic 
crystals. In all cases if an exact match is 
obtained within the limits set by the accuracy 
of the data, the reading on the lower scale of 
the body of the slide rule opposite ‘‘1”’ on 
the slide is the length in Angstrom units 
(10-8 cm) of the edge of the unit cube. It is 
important that the match be exact within the 
precision of the experimental data. If any 
lines in the experimental diffraction pattern 
are unaccounted for, either the solution is 
invalid, or it must be shown that thy specimen 
consists of a mechanical mixture of two 
crystals such that every line is accounted 
for. 


Fig. 45. Slide Rule Marked with a Body-centered Cubic Diffraction Pattern 


(a) Slide at left-hand end 


which is opposite 1.00 at the left-hand end of 
the fixed scale, move the slide back until this 
reading is opposite 1.00 at the right-hand end 
of the fixed scale (see Fig. 45). If all the 
remaining pencil marks also come opposite 
integers on the slide, the crystal is simple 
cubic, for its interplanar distances have the 


(b) Slide at right-hand end 


The usefulness of the slide rule in the 
solution of diffraction patterns of cubic 
crystals is due to the fact that the distances 
engraved on the inverted slide are propor- 
tional to the logarithms of successive values 
of d in equation (18). Since the scale on 
the body of the slide rule on which the 
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Fig. 46. Semi-logarithmic Chart for the Solution of Diffraction Patterns of Triangular Close-packed Lattices 
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experimental interplanar distances are plotted 
is also logarithmic, a direct comparison can 
be made between the two sets of ratios without 
further reference to the absolute values of the 
interplanar distances. This principle was 
used by the writer) in developing a series 
of semi-logarithmic charts for the rapid 
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slide rule had for the cubic system. The 
experimental data are plotted to the same 
logarithmic scale on the edge of a piece of 
paper, and this plot corresponds to the 
pencil-mark plot on the lower scale of the 
body of the slide rule. Such charts were made 
and published for the simple, body-centered, 
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Fig. 47, Interpretation of the Diffraction Pattern of Cd by Means of Semi-log Chart 


solution of the diffraction patterns of crystals 
belonging to the tetragonal and hexagonal 
systems. The logarithms of d from equations 
(19) and (28) were plotted as functions of the 
axial ratio, C. For any given value of C 
the lines of the chart have the same relation 
to the theoretical ratios of distances in the 
tetragonal or _he sxagonal systems of crystals 
that the readings on the inverted slide of the 


and face-centered tetragonal lattices, and for 
the simple-triangular, triangular close-packed, 
and rhombohedral lattices. Although the 
diffraction pattern was plotted as log d, the - 
scale of abscissas was shown in terms of d 
itself, just as on a slide rule, in order to facili- 
tate the work of plotting the pattern. A 
specimen chart is reproduced in Fig. 46. 
Fig. 47 illustrates the use of a chart of this 
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sort in the interpretation of experimental data 
on cadmium obtained by Hull) (6), 

This method of interpretation is also 
applicable to diffraction patterns of crystals 
belonging to the orthorhombic system, but no 
such charts have been made because of the 
immense amount of labor involved. A series 
of charts would be needed, each chart showing 
the dependence of the interplanar distance, 
d, of equation (22) upon one of the axial 
ratios, C, while the other axial ratio, A, 
is kept constant. The whole series of charts 
would have to cover a range of successive 
values of A. The ranges from A=0.90 to 
A =1.10 and A =1.50 to A = 1.90 are probably 
the most important. If the charts were 
limited to values of C lying between C=0.50 
and C=1.80 each chart would require an 
average of 700 calculations from equation 
(22). The ranges for A given above would 
require sixty such charts for the simple 
orthorhombic lattice alone. The method is 
even less applicable to diffraction patterns of 
monoclinic and triclinic crystals. Of course, 
if the axial ratios and angles are known for 
some given substance from ordinary crys- 
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Fig. 48. Owen and Preston’s Chart for Triangular 
Close-packed Lattice 


tallographic measurements, the theoretical 
interplanar distances may be calculated at 
once, plotted on the inverted side of a slide 


oO A. W. Hulland W. P. Davey, Phys. Rev. 17, 549 (1921) 
(8%) A. W. Hull, Phys. Rev. 17, 571 (1921). 
a7 A. Owen and D. Preston, Proc. Phys. Soc. (Lon- 


(*) E. 
don), 36, 101, (1923). 


rule, and compared with the experimental 
pattern plotted on the bottom scale of the 
rule. Then a consideration of what lines, if 
any, are missing may give a clew to the 
degree of complexity of the inner structure of 
the unit crystal. 
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Fig. 49. Interpretation of Diffraction Pattern of 
Pseudo-graphite by Means of Ewald’s Chart 


Owen and Preston“) have published a 
chart for the interpretation of triangular 
close-packed lattices in which log 1/d and log 
1/C are the co-ordinates. This has the 
advantage of including a wide range of axial 
ratios on a single chart, although at some 
sacrifice in the accuracy with which the 
axial ratio may be determined. In using their 
chart, which is shown in Fig. 48, it should be 
noted that the scale of abscissas is expressed 
in terms of the logarithm of 1/d, not in 
terms of d directly as in the case of the semi- 
log chart of Fig. 46. When no filter is used 
to give a single wavelength of x-rays, the 
ionization chamber or photographic plate 
shows two diffraction patterns superimposed, 
one produced by the “alpha doublet,’”’ 
the other by the “beta line” of the x-ray 
beam. If the scale of abscissas is taken as 
log sin @ instead of log 1/d it is evident that 
the angles of diffraction for the beta line can 
be plotted directly on the same strip of paper 
as the angles for the alpha doublet. Either of 
these patterns may then be used independ- 
ently of the other. Fig. 48 shows some of the 
beta pattern for Mg crystals plotted along 
with the alpha pattern. 

Ewald® has published an incomplete 
chart of a rhombohedral lattice regarding 
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it as a distorted cube, and using the 
trigonal axes of equation (29). Several lines 
are missing, but the chart, shown in Fig. 49, 
serves well enough to illustrate how, instead 
of an axial ratio, the angle su between the 
axes may be used in the interpretation of 
rhombohedral structures. Like Owen and 
Preston, Ewald plots log 1/d or log sin 6 as 
abscissas. An additional scale has been 
added in Fig. 49 giving the abscissas in 
terms of 1/d directly. The use of the plot is 
illustrated by Debye’s diffraction pattern of 
‘‘nseudo-graphite.’’? Ewald’s equations differ 
from equation (29) as they 
are based on the idea of a 


as 


5 ; ‘ BODY 
‘‘reciprocal lattice.’’ His CENTRED CUBE 
chart therefore uses a-Side of Cube 

Yeas COs 

COST 
as ordinates. The corre- 


sponding values of the angle 
Mare given on a separate 
scale of ordinates. 

Owen and Preston”) have 
also proposed a_ graphical 
solution of the diffraction 
patterns of cubic crystals. 
They write equation (1) in 
the form 

n \= 2 ka sin 6 
where a is the side of the 
unit cube and k is a constant 
for any given family of 
planes for some one value 
of the wavelength X. This 


may be written a TT aoe 
Nghe ad ae 
—-=—sin 0 Fig. 50. 
aN 


showing that for any given wavelength of 
x-rays the relation between n/a and sin 6 
may be represented graphically by a family 
of straight lines passing through the origin. 
Their charts for body-centered and face- 
centered cubes are shown in Figs. 50 and 51, 
using the Mo characteristic rays \.=0.710 A 
and Ag=0.631 A. 


Number of Lines Required 

No matter what method is used for the 
interpretation of diffraction patterns, too 
much emphasis cannot be placed upon the 
necessity for having a sufficiently large 
number of lines in the diffraction pattern. It 
has already been shown that the ratios 
between the interplanar distances for the 
first six lines of a simple cubic pattern 
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are the same as for a body-centered cubic 
pattern. Many other instances will be found 
from the semi-log charts corresponding to 
Fig. 46, where the first few lines are often 
identical for widely different crystal struc- 
tures. Such diffraction patterns can only be 
differentiated from each other when lines are 
present in sufficient number. 

In most cases the diffraction pattern should 
be investigated through an angle correspond- 
ing to an interplanar distance of 0.7 A. In 
the case of some crystal structures such as the 
face-centered cubic an angle corresponding 
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Owen and Preston’s Chart for Body-centered Cubic Lattice 


to 0.8 A is sufficient. The number of lines 
in a diffraction pattern of a powder is greater 
the shorter the wavelength of x-rays 
employed, for the smallest interplanar dis- 
tance which will diffract the rays is, from 


equation (1), 
d=%4nxr 


The longer wavelengths such as are character- 
istic of Fe and Cu give more accurate deter- 
minations of the larger interplanar spacings, 
and in special cases have considerable real 
advantage for such purposes. The wave- 
length for Fe is too long to give enough lines 
for the satisfactory solution of crystal struc- 
tures even when the x-rays are bent through 
an angle 2 0=180 deg. The wavelength for 
Cu requires 180 deg. for an interplanar 
distance of 0.77 A. Both wavelengths are so 
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A STUDY OF CRYSTAL STRUCTURE AND ITS APPLICATIONS 


long as to require a special window on the 
x-ray bulb, and this in turn necessitates 
operating the tube while connected to the 
pump. The objections to this are obvious to 
anyone who has ever tried it. The very short 
wavelengths such as are characteristic of 
W, \=0.2 A, give angles of diffraction which 
are so small as to interfere seriously with 
accuracy of measurement, especially on a 
photographic film. An interplanar distance 
of 0.7 A bends these rays through an angle 
2 @ of about 16 deg. The upper left-hand 
corner of Fig. 46 shows that, in extreme cases 
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Fig. 51. 


at’ least, there is a practical limit to the 
number of lines in a diffraction pattern which 
are useful in solving a crystal structure by 
the ordinary graphical methods, so that we 


(588) W. P. Davey, Trans. Am. Soc. Steel Treating, 6, 375 
1924); Phas. Rev., 25, 375 (1925). 
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are led to the conclusion that the short 
wavelengths from W, Pt, etc. are ordinarily 
of little value in crystal analysis by the powder 
method. The wavelengths which are char- 
acteristic of Mo, Rh, or Ag are sufficiently 
penetrating to permit the use of an all-glass 
x-ray bulb which has been pumped out once 
for all and sealed off from the pump. An 
interplanar distance of 0.7 A corresponds to 
an angle 24 of about 60 deg. for Mo rays. 
This means that if a photographic film is bent 
on an arc of 8 in. radius, interplanar distances 
of 2.0 A can be determined to 14 per 
cent, and distances of 1.6 A 
or less can be determined 
easily to 1/10 per cent. 
Greater accuracy is rarely 
useful because the traces of 
impurities ordinarily found 
in even “chemically pure”’ 
materials seem to make 
variations from sample to 
sample of the order of 1/10 
per cent in the parameters 
of crystals from different 
sources. For instance, the 
side of the unit cube of 99.9 
per cent Agis4.058 +0.004A, 
while the value for 99.999 
per cent Ag is 4.079+ 
0.004 A.) Considerations 
of this sort, coupled with 
the fact that the x-ray tube 
itself imposes certain limi- 
tations upon the choice of a 
target material and there- 
fore indirectly upon the 
choice of a filtering mate- 
rial, have led users of the 
powder method in this country to the almost 
exclusive use of Mo alpha rays, a radius of 
curvature of the photographic film of 8 in., 
and an exposure time sufficient to show a 
diffraction pattern throughout an arc of at 
least 60 deg. 
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(To be continued) 


<= 


600 August, 1925 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 8 


The Internal Combustion Engine Supercharger 


Two recent automobile racing events were 
won by Peter de Paolo driving a special 
Duesenberg straight-eight racing car, equipped 
with a General Electric type supercharger con- 
nected to the carburetor. It would seem at 
first thought that the construction of racing 
automobiles could have little to do with the 
progress of the electrical industry. There 
are problems, however, in connection with 
high-speed gasoline engines which have 
caused their designers to call for outside 
assistance. 


One of these problems is the feeding to the 
cylinders of the large quantity of oxygen and 
fuel required at excessive speeds. Formerly, 
the difference in pressure between the atmos- 
phere and the intake manifold was relied 
upon to suck air and gas through the car- 
buretor and into the engine. It was found, 
however, that on certain high speed machines 
this natural pressure difference was not suffi- 
cient when the engine was delivering its full 
power. This failure was particularly marked 
in airplane engines at high altitudes. At 20.- 
000 feet the pressure difference was so much 
reduced that the engine could obtain fuel for 
only half of its rated power at sea level. 
To meet this situation, there was developed 
a successful supercharger, consisting of an 
exhaust gas turbine driving a cent rifugal air 
compressor. With this, air at sea-level pres- 


sure could be delivered to the carburetor 
regardless of the altitude. 

The success of the supercharger for air- 
planes was so marked that it has recently 
been applied to the racing automobile, where 
the excessive demand for an explosive mix- 
ture at racing speeds overtaxes the natural 
pressure difference available even at sea level. 
In addition to supplying a satisfactory mani- 
fold pressure, the supercharger brings about 
a more even mixture of gasoline and air, and 
makes possible a more thorough scavenging 


of burnt gases from the cylinders. The 
results have been such that some form of 
supe*cha~ging apparatus is now considered a 
necessity on all racing automobiles. 

The supercharger shown in the illustration 
is driven by gears direct from the crankshaft 
of the engine, this method having proved 
more suitable than turbine drive for this 
class of service. The impeller within the 
blower casing rotates at speeds up to 30,000 
r.p.m. and is capable of maintaining a 
pressure of 10 pounds per square inch in the 
manifold. 

According to Dr. S. A. Moss, the designer * 
of the supercharger, a similar type of high 
pressure blower has been profitably extended 
to Diesel engine installations in sea-going 
ships, where it is capable of bringing about 
notable increases in power and speed. 
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The Charles A. Coffin Foundation Fellowships 
Awarded in 1925 


One of the several purposes of the Charles A. 
Coffin Foundation, which was established by the 
General Electric Company to honor its first Presi- 
dent, is to make annual awards of fellowships in the 
fields of electricity, physics, and physical chemistry 
to graduates of universities, colleges, and technical 
schools in the United States who have shown, by 
the character of their work, that they could with 
advantage undertake or continue research work in 
educational institutions either in this country or 
abroad, but who without financial assistance would 
be unable to devote themselves to this work. 


The present fellowships apply to the college year 
1925-1926 and constitute the third annual group 
that has been awarded. The students to receive 
this assistance from the Foundation were selected 
on this occasion by a committee consisting of Dr. 
Farley Osgood, Chairman, representing the Ameri- 
can Institute of Electrical Engineers, Dr. John C. 
Merriam, representing the National Academy of 
Sciences, and Dr. A. A. Potter, representing the 
Society for the Promotion of Engineering Educa- 
tion, with W. W. Trench, secretary of the Founda- 
tion as secretary. 


Fellowships were awarded to: 


Norman C. Beese, to engage in research work at 
the University of Michigan on vacuum spark spec- 
tra of metallic elements, particularly in the extreme 
ultra violet. Mr. Beese studied for two years at 
the University of Toledo, and then entered the 
University of Kentucky, from which he was gradu- 
ated with the degree of B.S. in 1924, and which 
conferred the M.S. degree on him the following 
year. He is at present studying for Ph.D. degree 
at the University of Michigan. During his work 
at the University of Kentucky he was laboratory 
assistant in the Department of Physics for more 
than two years. His home isin Toledo, Ohio. 


Reginald H. Benedict, of Medford, Wisconsin, a 
senior in the electrical engineering course at the 
University of Wisconsin. Mr. Benedict will take 
up research work on electrical insulation at the 
University of Wisconsin, where he has been fol- 
lowing a course in that subject. 


Paul L. Betz, of Baltimore, Md., who is now a 
graduate student at Johns Hopkins University, 
from which institution he received the degree of 
B.S. in electrical engineering in 1924. During the 
past year he has been a graduate student there in 
electrical engineering, physics, and mathematics. 
He plans to undertake research work at Johns Hop- 
kins in dielectric losses in composite insulation. 


Lester H. Colbert, of Columbus, Ohio, who is a 
senior at the Ohio State University in the electrical 
engineering course. He expects to take up research 
work at that university on the magnetic properties 
of oh and its alloys, and x-ray analysis of alloy 
steels. 


King E. Gould, of Stillwater, Oklahoma, who was 
graduated with the degree of B.S. in electrical engi- 
neering from Oklahoma Agricultural and Mechanical 
College in 1924, and who during the succeeding year 
has been studying at Massachusetts Institute of 
Technology for a master’s degree, and doing research 
work on instability effects in transformers. He 
plans to devote the coming year to research work 
on the magnetic behavior of iron at that Insti- 
tute. 


Harold P. Knauss, of Allentown, Pa., now a 
graduate student at New York University, where, 
while doing post graduate work, he is serving as an 
instructor in physics. Mr. Knauss was graduated 
from Muhlenberg College in 1922 with the degree 
of B.S. He then entered New York University 
and received the M.S. degree last year. He will 


enter the University of Leyden, Holland. The 
particular field of his work will be determined by 
facilities offered by the university laboratory and 
the researches being conducted there. 


Harold N. Rowe, who was graduated from Union 
College in 1923 with the degree B.S. in electrical engi- 
neering, and who has since been following a post 
graduate course and acting as instructor in mathe- 
matics there. Mr. Rowe will enter the University 
of Chicago and take up research work on positive 
particle and electron emission phenomena. 


Donald F. Weekes, of Amherst, Mass., who was 
graduated from Middlebury College in 1924 with 
the degree of B.S., and receives an M.A. degree 
from Amherst this year. During the year 1924— 
25 he has been graduate assistant, Department of 
Physics, in the latter institution. He plans to do 
research work at Amherst on the correlation of 
magnetic and physical properties of matter. 


Fellowships were renewed to: 


Ralph D. Bennett, of Williamson, N. Y., B.S. in 
electrical engineering, 1921, and M.S. in the same 
branch of engineering, 1923, Union College, who 
has been working on a direct test of the quantum 
theory at the University of Chicago during the 
past year as a Charles A. Coffin Fellow. Mr. Ben- 
nett will continue at Chicago through the summer 
quarter, working ona test of the quantum theory 
of x-ray scattering. In the fall he will return to 
Union College as assistant professor of physics. 


George Howard Carragan, of Saratoga Springs, 
N. Y., M.E., Rensselaer Polytechnic Institute, 1918, 
who has been studying at the Ryerson Laboratory 
of Chicago University as a Fellow of this Founda- 
tion, doing research work on determining the Zee- 
man effect of the lines of fluorine and who expects 
to receive his doctor’s degree this year. He will 
continue his investigations of this subject at Chi- 
cago during the summer quarter and expects to 
accept an assistant professorship in physics at 
Rensselaer Polytechnic Institute in the fall. 


Elliott W. Cheney, of Orange, Mass. Mr. Cheney 
received an A.B. degree from Dartmouth College 
in 1920, and a M.A. degree from Brown in 1924, 
acting as instructor at the latter institution while 
taking his post graduate work. He was accorded a 
Charles A. Coffin Foundation Fellowship last year, 
and took up research work on the electron theory 
at Princeton. He plans to do research work at 
Princeton in determining the effect of temperature 
on the index of refraction of gases. 
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Alternators 
Self-Synchronizing Alternator. 
Engr., May 8, 1925; v. 139, pp. 526-527. 

(Illustrates and describes an alternator, 
designed by L. J. Hunt, which is claimed 
to give satisfactory operation in parallel 
under adverse conditions, even with poorly- 
operating gas engine drive.) 


Arc Welding 


Arc Welded Steel Building. A. G. Bissel. 
Weld. Engr., May, 1925; v. 10, pp. 17-20. 


Belts and Belting 
Importance of Belt Thickness in Computations. 
W. F. Schaphorst. 
Power Pl. Engng., May 1, 1925; v. 29, p. 488. 
(Practical directions for calculation of 
speeds of belt-driven pulleys.) 


Brushes, Electric 
Brushes for Electric Motors and Generators. 
W. E. Stine. 
Am. Soc. Nav. Engrs. Jour., May, 1925; v. 37, 
pp. 312-331. 


Chimneys 
Stream-Line Stack. 
Power, May 19, 1925; v. 61, pp. 788-792. 
(On the principles of the Prat or convergent- 
divergent smoke-stack, as used in Europe.) 


Circuit Ereakers—Testing 
High-Voltage Circuit Breaker Tests. P. Sporn 
and Here stele 
Elec. Wld., May 9, 1925; v. 85, pp. 970-973. 
(An account of 132-kv. tests made at the 
Sunnyside substation of the Ohio Power 
Co. .at Canton 0.) 


Coal Storage 
Factors Governing the Storage of Coal. 
Power Pl. Engng., May 15, 1925; v. 29, pp. 
523-520. ; 
Electric Cables 
Study of High-Tension Cable Joints. 
Elec. Wid., May 23, 1925; v. 85, pp. 1070-1072. 
(A summary of papers and discussion pre- 


sented before the A. I. E. E. regional 
convention at Swampscott, Mass., on 
May 8, 1925.) 
eed Terminals for High Voltage Cables. 
fdugene D. Eby. 
ALE fi. Jour , June, 1925; v. 44, pp. 593-600. 
(Presents designs for such cable terminals, 


“a 1 describes the results of experiments on 
ther 
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Electric Cables—Testing 
Cable-Pulling Tensions. Will G. Kelley. 
Elec. Wid., May 16, 1925; v. 85, pp. 1015-1018. 
(Presents test results.) 


Electric Control Systems 
Automatic Control for Substation Apparatus. 
Walter H. Millan. 
A.I.E.E. Jour., June, 1925; v. 44, pp. 588-591. 
Automatic Control for Forced-Draft Fans at 
Wabash River Station. W. C. Plumer. 
Power, May 19, 1925; v. 61, pp. 782-783. 
Complete Automatic Control of Pumps in 
Waterworks Plant. 
Elec. Wid., May 9, 1925; v. 85, pp. 978-979. 


Electric Drive—Ice Manufacture 
Electrically Driven Ice Plant. Fred Ophuls. 
Refrig. Engng., May, 1925; v. 11, pp. 377-387, 
391-392. 
(Serial.) 
Synchronous Motor Drives in Ice and Refrigerat- 
ing Plants. Truman Hibbard. 
Refrig. Engng., May, 1925; v. 11, pp. 392-398. 
(Extracts from a paper read before the 
Fourth International Congress of Refriger- 
ation, in London.) 


Electric Drive—Machine Tools 
Machine Tools with Built-in Electrical Equip- 
ment. John W. Harper. 
Am. Mach., May 14, 1925; v. 62, pp. 780-782. 


Electric Drive—Steel Mills 
Factors Involved in the Selection of Direct 
Connected and Geared Main Roll Drives. 
E. A. Hurme. 

Iron & St. Eng., May, 1925; v. 2, pp. 189-222. 
(With the discussion forms a lengthy paper 
on electric drive of steel mill main rolls. 

Includes numerous charts and curves.) 


Electric Heating, Industrial 
Industrial Electric Heating Survey. J. L. Faden. 
Elec. Wid., May 2, 1925; v. 85, pp. 919-923. 
(Results of a survey conducted by the Edison 
Electric Illuminating Company of Boston 
to determine the market for industrial 
electric heat.) 


Electric Meters 


Selection, Use and Care of Recording Electrical 
Meters. J. Elmer Housley. 
Power, May 5, 1925; v. 61, pp. 690-692. 


Electric Meters—Testing 


Accuracy Tests for Meggers.. H. B. Brooks. 
Elec. Wid., May 9, 1925; v. 85, pp. 973-976. 
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Electric Motors, Synchronous 


Self-Excited Synchronous Motors. J. K. Kostko. 
A.I.E.E. Jour., June, 1925; v. 44, pp. 604-612. 
(An outline of the general theory.) 


Electric Ovens 


Annealing Glass with the Electric Lehr. Kenneth 
M. Henry. 
Jour. Elec., May 15, 1925; v. 54, pp. 356-358. 


Electric Power 


Power Possibilities at Muscle Shoals, Alabama. 
Samuel S. Wyer. 
A.I.E.E. Jour., June, 1925; v. 44, pp. 571-578. 
(A condensed statement of the facts regard- 
ing the fundamental features of the scheme, 
what has been done to date, and what can 
still be done.) 


Electric Transformers 


New Two-Phase to Six-Phase Transformer 
Connection of One Hundred Per Cent 
Apparatus Economy. A. Boyajian. 

A.I.E.E. Jour., June, 1925; v. 44, pp. 591-592. 


Electric Transmission 


Over-Voltage on Transmission Systems Due to 
Dropping of Load. E. J. Burnham. 
A.I.E.E. Jour., June, 1925; v. 44, pp. 579-587. 
(Shows the manner in which voltage will rise 
under different conditions. Presents meth- 
ods of calculation.) 


Electric Transmission Lines 


Calculations for Transmission Lines. R. G. 
Hornberger. 
Elec. Wid., May 9, 1925; v. 85, pp. 965-968. 
(A semi-graphic practical method.) 


Electric Welding 


Experience with Resistance Welding. G. A. 
Hughes. 

Elec. Wid., May 2, 1925; v. 85, pp. 913-918. 

(Considers spot, seam and butt welding.) 


Flood Lighting 
Commercial Possibilities of Color Flood-Lighting. 
A. M. Frost. . 
Jour. Elec., May 15,'1925; v. 54, pp. 351-355. 
(A description of equipment used on the 
San Joaquin Light & Power Corp. building, 
Fresno, Calif.) 


Hydroelectric Plants 


Operation of Hydroelectric Systems with Auxiliary 
Steam Plants for Best Economy and 
Proper Governing. Wm. Monroe White. 

Engrs. & Engng., May, 1925; v. 42, pp. 119-125. 
(Serial.) 


Hydroelectric Plants, Automatic 
Automatic Hydroelectric Plant of the San 
Gorgonio Power Company. P. B. Garrett. 
Elec. Jour., June, 1925; v. 22, pp. 286-289. 


Nozzles 


Steam Nozzles Research. 
Engr., May 15, 1925; v. 139, pp. 586-538. 
(A summary of the fourth report of the 
Steam Nozzles Research Committee of 
the I. M. E.) 
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Pipe Joints 
Welded Pipe Joints for Power Plants. 
Thompson. 
Power, May 5, 1925; v. 61, pp. 680-682. 


Eustis H. 


Fower Plants, Electric 
Additional Power for the Tri-Cities. 
Power Pl. Engng., May 15, 1925; v. 29, pp. 
516-522. 
(Detailed account of equipment in the new 
Riverside station of the United Light & 
Power Co., near Davenport, Iowa. 


Protective Apparatus 
Design of Electrical Plant, Control Gear and 
Connections for Protection Against Shock, 
Fire and Faults. H. W. Clothier. 
I. E. E. Jour., May, 1925; v. 68, pp. 425-473. 
(Discusses the various means of guarding 
against risks to life and plant.) 


Lightning Protection of Distribution Systems. 
A. L. Atherton. 
Elec. Jour., June, 1925; v. 22, pp. 301-304. 


Radio Engineering—Damping 
Optimum Damping in the Auditive Reception of 
Wireless Telegraph Signals. L. B. Turner 
and F. P. Best. 
I. E. E. Jour., May 1925; v. 63, pp. 493-501. 
(An account of an experimental investiga- 
tion.) 


Radio Engineering— Measurements and Testing 


Radio Frequency Measurements. E. B. Moullin. 
Wld. Power, May, 1925; v. 3, pp. 252-257. 


Railroads—Electrification 


I. C. Pioneers in Electrification. 
Elec. Trac., May, 1925; v. 21, pp. 229-233. 
(Unusual features of the Illinois Central 
Railroad electrification in the Chicago 
terminal area.) 


Reactors 


Eight Years Experience with Protective Reactors. 
James Lyman and others. 
A.I.E.E. Jour., June, 1925; v.44, pp. 601-603. 
(Gives brief accounts of sixteen accidents on 
"the buses or feeders of three large power 


stations. ) 
Relays 
Protective Relays for Central Station Systems. 
O. J. Bliss. 
W. Soc. Engrs. Jour., May, 1925; v. 30, pp. 
229-234. 


Statistics—Electrical Fires 
Fire Losses During 1923. Reginald Trautschold. 
Elec. Wld., May 2, 1925; v. 85, pp. 923-924. 
(Statistical article pertaining to fires caused 
by electricity.) 


Steam Plants 


Automatic Heat Balance Control. W. A. Kates. 
Elec. Wid., May 16, 1925; v. 85, pp. 1025-1027. 


Getting the Most Out of Exhaust Steam. Charles 
L. Hubbard. 
Power, May 5, 1925; v. 61, pp. 685-687. 
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Steam Turbines 
Increase in Thermal Efficiency Due to Resuper- 
heating in Steam Turbines. W. EC. 
Blowney and G. B. Warren. 
Mech. Engng., June, 1925; v. 47, pp. 455-461. 
(Presents the results of tests. Abridgment of 
the complete paper. ) 


Substations, Automatic 
Automatic Control for Substation Apparatus. 


Power Pl. Engng., May 15, 1925; v. 29, pp. 
543-546. 
(Abstract of an A. I. E. E. paper by Walter 
H. Millan.) 


Two-Unit Automatic Station with Purchased 


Power Aids Steam Plants at Mines. L. P. 
Read. 
Coal Age, May 21, 1925; v. 27, pp. 753-756. 


(Illustrated description of a Consolida- 
tion Coal Co. substation near Frostburg, 
Md.) 
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Switches and Switchgear 
Disconnecting Switches and Primary Cut-Outs 
for Overhead Distribution. H. J. Crabbs. 
Elec. Jour., June, 1925; v. 22, pp. 305-308. 


Trolley Wire 
New Catenary Construction on the Canadian 
National. E. B. Walker. 
Rwy. Age, May 2, 1925; v. 78, pp. 1099-1101. 
(Illustrated description of trolley wire 
mounting.) 


Water Turbines 
Mechanical Problems of Hydraulic-Turbine De- 


sign. William Monroe White. 
Mech. Engng., June, 1925; v. 47, PP. 469-473. 


Wattmeters—Testing 
Testing 100,000 Meters Yearly. 
and others. 
Elec. Wid., May 23, 1925; v. 85, pp. 1067-1069. 
(Layout and methods in the Alhambra shops 
of the Southern California Edison Co.) 


W.R. Frampton 


NEW BOOKS 


Composition of Technical Papers. Ed. 2. Homer 
A. Watt and Philip B. McDonald. 429 pp., 1925, 
N. Y., McGraw-Hill Book Co., Inc. 


Connecting and Testing Direct-current Machines. 


F. A. Annett and A. C. Roe. 2387 pp., 1925, 
N. Y., McGraw-Hill Book Co., Inc. 
Design of Cranes and Hoists. Ed.2,rev. Hermann 


Wilda. 
& Son. 


159 pp., 1925, Lond., Scott, Greenwood 


Factory Lay-out, Planning and Progress. W. J. 
Hiscox. 184 pp., 1924, N. Y., Isaac Pitman & 
Sons. 


Foundations of the Universe. M. Luckiesh. 
1925, N. Y., D. Van Nostrand Co. 

(Mr. Luckiesh presents, in popular style, some 
of the fundamentals of physical science. 
Without recourse to mathematics, he has 
succeeded in producing a very readable 
book in which he discusses such topics as 
matter and motion, atoms and molecules, 
the nature and velocity of light, the electron 
and the quantum theories, and the postulates 
of Einstein. These and related phenomena 
constitute the ‘‘foundations of the universe’”’ 
as used in the title. Although making no 
pretense of completeness, and though cir- 
cumscribed by the omission of mathematics, 
the work should prove of interest to students 
of science and others of scientific bent who 
find profit in the simple presentation of the 
more complex problems of science.) 


245 pp., 


Frederic 
Y., McGraw- 


Inventory Practice and Material Control. 
W. Kilduff. 446 pp., 1925, N. 
Hill Book Co., Inc. 


Lighting Fixtures and Lighting Effects. M. 
Luckiesh. 330 pp., 1925, N. Y., McGraw-Hill 
Book Co., Inc. 


Practical Foremanship. Glenn L. Gardiner. 19] 
pp., 1925, N. Y., McGraw-Hill Book Co., Inc. 


Principles of Machine Design. Robert F. McKay. 
408 pp., 1924, N. Y., Longmans, Green & Co. 


Railway Electrification. H. F. Trewman. 244 
p., 1924, N. Y., Isaac Pitman & Sons. 


F. M. Denton. 
Eng., University 


Relativity and Common Sense. 
279 pp., 1924, Cambridge, 
Press. 


Steam Turbines; Including a Discussion of Mer- 
cury and Gas Turbines. Ed. 5, rev. & enl. 
James A. Moyer. 515 pp., 1924, N. Y., John 
Wiley & Sons. 


Theoretical and Applied Electrochemistry. Rev. 
ed. Maurice De Kay Thompson. 551 pp., 
1925, N. Y., Macmillan Co. 


Transmission Circuits for Telephonic Communica- 
tion; Methods of Analysis and Design. K. S. 
Johnson. 326 pp., 1925, N. Y., D. VanNostrand Co, 

(In the words of its preface, this work ‘‘is 
intended to cover the general theory and 
principles which are applicable to the develop- 
ment and design of circuits and lines for 
association with such telephonic instruments 
as transmitters, receivers, and vacuum tubes. 
The detailed characteristics and methods of 
design for these instruments are not here 
considered. The text assumes on the part 
of the reader a familiarity with the elements 
of alternating current theory and with the 
operations and notations of the complex- 
quantity method of representing alternating 
functions.”’ 


Workshop Gauges and Measuring Applicances. 
Louis Burn. 154 pp., 1924, N. Y., Isaac Pitman 
& Sons. 


_ 
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Announcing 


TWO NEW DIRECT-CURRENT MOTORS 


Type BD Motor—Sizes 
% to 3 h.p. inclusive. 


Type 


3 to 200 h.p. inclusive. 


combination of certain indispensable factors: adequate research 
facilities—high grade designing ability—liberal manufacturing 
resources—extensive practical experience. 


NOUR-‘SQUARE superiority in an electric motor demands a 


Combination of these factors in General Electric’s new Type BD and 
Type CD Motors marksa distinctive kind of craftsmanship—balanced 
excellence in the design and manufacture of direct-current motors. 


To obtain full value from your investments in direct-current motors, 
use the new Type BD or Type CD Motor. 


Complete information is available at your nearest G-E office 
—or G-E Motor Dealer 


| GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN ALL LARGE CITIES 


Say you saw it advertised in the GENERAL ELEcTRIC REVIEW 
yey 
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IMPROVEMENT 


MPROVEMENT is the keynote in the design, manufacture, 
application and servicing of GE Motors—improvement in 
mechanical strength, simplicity, and interchangeability— 

improvement in workmanship, material, and test—improvement in 
appearance and finish—improvement in stock, warehousing, repair 
and service facilities. 


Thus, all GE Motor purchasers are assured balanced excellence in 
the factors which make up complete user satisfaction. 


Type SCR Single phase Motor 
—Sizes to 10h.p. inclusive. 


Type KT Polyphase Motor— 
sizes 1 to15 h.p. inclusive. 


For general purpose uses paralleling the new Type BD 
and Type CD Motors, the Type KT (polyphase) and 
the Type SCR (single phase) alternating-current 
Motors are successfully operating in thousands of 
installations. Whatever the circuit requirements or 
demands of service—there is a G-E Motor to fit the need. 


_ o> 


=— 
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¥, SCHENECTADY, N. Y., SALES OFFICES IN ALL LARGE CITIES 


Say you saw it advertised in the GENERAL ELectric REVIEW 


AUGUST, 1925 GENERAL ELECTRIC REVIEW 21 


High Voltage Testing 


Engin essay 
alent 
Special 

Research 


The unseen values you get 
with every G-E Switchboard 


Large-volume production is to your advantage. 


Building thousands of panels each year—miles of 
switchboards—imposes on General Electric a heavy 
respons:bility. It means more. It means greater 
values to the purchaser through: 


—the use of special machinery and tools essential to 
building better switchboards; 

—the command of highest standards of engineering 
talent and skilled labor; 

—the experience that is acquired in meeting varied and 
exacting demands. 


These unseen values are profiting the many whose 
confidence has built up the immense output of G-E 
Switchboards. You, too, can profit. No project is 
too small to receive careful attention; none is too 
large to receive expeditious handling. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY SCHENECTADY, N. Y., SALES OFFICES IN ALL LARGE CITIES 


Say you saw it advertisee in the GENERAL ELectric REVIEW 
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GENERAL ELECTRIC COMPANY, 


GENERAL ELECTRIC REVIEW 


CUTOUT 


In salt air, smoke, or fumes 


Where the air is laden with 
smoke and chemical fumes— 
or in localities near the sea 
that are subject to salt fogs 
—‘more than a cutout’’ is 
needed. 


The D & W Oil Fuse Cutout 
shields all its operating 
parts with a housing 
that protects them from 
corrosion under such 
atmospheric conditions. 


SCHENECTADY, 


One of the country’s largest 
coke producers frequently 
finds it necessary to install 
cutouts adjacent to or actually 
over the coke ovens. Here, 
of course, ‘‘more than a cut- 
out” is needed. 


This company has used 
D & W’s for years and 
finds that they invari- 
ably ‘“‘stand up”’ 


Y., SALES OFFICES 


AUGUST, 1925 


18-78 


N ALL PRINCIPAL CITIES 


Say you saw it advertised in the GENERAL ELEcTRIC REVIEW 
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Power factor corrected 
a Cle 
~~ “OO 


—reduction in line current 


—increase in kw. output of generating 
The Capacitor that effected a equipment 


saving for this silk mill 
—shut down of a 300-kv-a. engine- 
driven generator. 


—a 10% saving in fuel. 


These results were accomplished by a 
silk manufacturer in New Jersey 
through the installation of a Capacitor. 


Engineers everywhere are recognizing 
more and more that unjustifiably low 
power-factor has no place in present- 
day plant efficiency. 


The selection of power-factor 


corrective apparatus—either Capacitors, in numerous installations, 
capacitors or synchronous con- tee : 

densers—must be based on an are relieving lines of overload and 
analysts of the engineering and Fi . 

e«conom’c problems involved. reducing power bills. 


General Electric manufactures 


both of th 1 f ip- * 4° ° . e 
Geant iis cnogheary areowidely Ask the specialist on this subject in 
i din th i i e ° 
er oo src ptgaervour your G-E District Office for operat- 
diti d k - . 
aoe ing data. 
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Steadfast Purpose 


CSSD 


HE most essential element of economical production 

and service in any field of industry is specialization. 
From its earliest conception The Maqua Company was 
organized with a steadfast purpose in view—Service to the 
electrical industry. 

The requirements of such a clientele are exacting and 
wide in scope. We have been successful in meeting the 
demand through the untiring efforts of a force of crafts- 
men especially trained to produce high-grade commercial 
and technical printing. 

For more than a decade The Maqua Company has 
been supplying service to manufacturers and dealers in 
electrical supplies and machinery. And when we mention 
Service to the buyers of printing we feel confident the word 
carries with it the prestige of prominence in the production 
of business-building printing. 


THE MAQUA COMPANY 


Offices and Plant located at SoHENEcTADY, NEw YorK 


PRINTERS, ENGRAVERS and BINDERS to the ELECTRICAL INDUSTRY 


Say you saw it advertised in the GENERAL ELecTRIC REVIEW 
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( ~ th STRENGTH 
aoe! ~« 1), of 4 Ten-Ton Trucl/ 


ONE-TON truck will not carry 

ten-ton load—nor is it expected to. 
But industry has need for ten-ton trucks 
—and it has been found possible to build 
them to carry heavy loads indefinitely— 
without undue strain. 


The electrical industry has need for high-strength 
insulators—and Locke makes them. 


Just as the ten-ton truck must be differently 
constructed from the one-ton truck—so Locke 
Locke No. 7500 high-strength insulators high-strength insulators are made to withstand 
are designed for continuous heavy-duty 
work. Tests extending over long periods 
—under varying conditions of mechanical 
loading and temperature—as well as long 
service records—prove conclusively that 
they are literally the ten-ton truck 
(20,000 Ibs.) of the insulator industry — 
and that they adequately fulfill the most 
exacting requirements of operating 


the stresses of this heavier duty service. 


What progress demands Locke has always been 
willing to produce. The super-power develop- 
ments of the future will not heed the theories of 
skeptics—when the “will to do” and the ability 
te accomplish—will meet the inevitable demand. 


engineers. 
i ah 
hi I Mi ) ns 
“ ll wall) ( al I 
TUTTE TTT 
‘i 
Boston, Mass. Philadelphia, Pa. Chicago, Il. Salt Lake City, Utah San Francisco, Calif. Portland, Oregon 
84 State St. 803 Atlantic Bldg. 770 I!linois Merchants Bank Bldg. P, O. Box 1877 575 Mission St, 61 Fifth St. No. 
New York, N.Y. Dallas, Texas Atlanta, Ga. Denver, Colo. Los Angeles, Calif. Seattle, Wash. , 
120 Broadway 1801-15 No. Lamar St. 414 Red Rock Bldg. 819 Seventeenth St. 236 S. Los Angeles St. 570 Fifth Ave. So, 


Vi pe de ; z ; he oe Sin ‘ 
ictor, N. ¥ Export Agents: International General Electric Co., Schenectady, N. Y. 
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For Tunnel Pride 


HYDRO- ELECTRIC DEVELOPMENT 


Wherever there are a number of rock drills oper- 

ating, the air requirements are not steady. There i 
must be plenty of air for the greatest require- 
ments, yet the unit cost must be kept at the 
same level when the demand falls off. 


This condition is best met with Ingersoll-Rand 
“PRE” Air Compressors. Class “PRE” Com- 
pressors are equipped with the Ingersoll-Rand 
patented 5-step automatic clearanze control. This 
control causes the compressor to deliver auto- 
matically all, three-quarters, one-half, cne-quar- 
ter, or none of its rated capacity, with a reduc- 
tion in horsepower required practically in 
proportion to the reduction in capacity. 


Pictured below is one of the Ingersoll-Rand 
Class ‘““PRE-2” High Pressure two-stage, direct- 
connected, motor-driven, air compressors used 
by Booth and Flinn, Ltd., in driving the 
famous New York-New Jersey Vehicular Tunnel. 


On this same project there are twelve Ingersoll- 
Rand Class ‘““PRE-1” single-stage compressors 
\ with aftercoolers which furnish the life-sus- 
taining air for the caissons. 


Request bulletin 3226 describ- 
ing Class PRE COMPRESSORS 


INGERSOLL-RAND COMPANY—11 BROADWAY, NEW YORK CITY 


Offices in all principal domestic and foreign cities 
FOR CANADA REFER= CANADIAN INGERSOLL-RAND CO., LIMITED, 260 ST. JAMES STREET, MONTREAL, QUEBEC. 


ersoll-Rand. 


you saw it advertised in the GENERAL Evectric Review 
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EWPORT NIEWS RACK RAKE 


Will Solve Your Trash Problems 


In many Hydroelectric plants 
Newport News Rack Rake 
installations pay for themselves 
in a single freshet season. 


Write for Full Information 


Newport News Shipbuilding and Dry Dock 
Company 


Typical load of trash hoisted by 
Newport News Rack Rake Dept. G.E. Newport News, Virginia 


When superheat is objectionable 


s-Water Inlet 


for existing auxil- 


iary drives or proc- 


ess equipment, dry 


saturated steam can 
be obtained by the 


use of the 


ee, ee 
CHUTTE Steam Separator —' 
CERTING Spray Type Desuperheater 


Made in single- and multiple-nozzle types 


Address Jet Department for Bulletin 6-D 


SCHUTTE & KOERTING CO., 1196 Thompson Street, Philadelphia, Pa. 


Say you saw it advertised in the GENERAL Evectric Review 
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The Babcock & Wilcox Co. 


85 LIBERTY STREET, NEW YORK 
ESTABLISHED 1868 


0 to 100 megohm 
scale. 500-volt 
direct-current 
hand generator 


“MEG” Insulation Tester 


Write for free Pocket Manual 1060-G 
on the Principles and Practice of 
Insulation Testing with Special Ref- 
erence to the ‘‘Meg.” Forty-eight 
pages containing data, description, 
charts and photographs. 


Information regarding our complete line of “Meg” and “Megger” 
insulation testing instruments will be sent to anyone interested. 
State types of apparatus to be tested. 


JAMES G. BIDDLE 


1211-13 Arch Street, Philadelphia 


Pelton Rubber Seal Rings 


Stationary Clearance 


for YH, ng Y 


Reaction fing 


Wearin 
Ring 


Turbines 


Pelton patented rubber seal rings, incorporated in the 
design of reaction turbines, contribute to the high efficiencies 
obtained in Pelton units through the elimination of runner 
clearance and consequent reduction in leakage. 


The resilience of this specia! composition rubber success- 
fully withstands the action of sand or grit in the water, and 
thus prolongs the life of the wearing parts beyond that of 


the metal rings in addition to the higher efficiency obtained. 


THE PELTON WATER WHEEL CoO. 


Hydraulic Engineers 
-, San Francisco 100 Broadway, New York 


Wm. Cramp & Sons Ship & 
, Philadelphia; Dominion Eng. Works, 
Sociedade Anonyma Hilpert, Rio de Janeiro. 


ao Om 


Mt SAW 


2981 Nineteenth St 


Associated canes anies: 
Engine Bldg. Co 
Montreal; 
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Water Tube Boilers 
Steam Superheaters 
Chain Grate Stokers 


BRANCHES 


Boston, 49 Federal Street 

PHILADELPHIA, Packard Building .. 
PITTSBURGH, Farmers Deposit Bank Building 
CLEVELAND, Guardian Building 

CuricaGo, Marquette Building 

Detroit, Ford Building 

CINCINNATI, Traction Building 

ATLANTA, Candler Building 

PHOENIX, ARiz., Head Building 

New ORLEANS, 521-5 Barrone Street 
Houston, Texas, 1011-13 Electric Building 
DaLtas, TEXAS, 2001 Magnolia Building 
DENVER, 435 Seventeenth Street 

SaLt LAKE City, 405-6 Kearns Building 
San Francisco, Sheldon Building 

Los ANGELES, 404-406 Central Building 
PORTLAND, ORE., 805 Gasco Building 
SEATTLE, L. C. Smith Building 

Havana, Cusa, Calle de Aguiar 104 

San JuAN, Porto Rico, Royal Bank Building 
Homo.utu, H. T., Castle & Cooke Building 


ENDURANCE 


UNEQUALLED 
PRACTICALLY PROVEN 


2 Wy ae 


LOWEST UNIT COST 
OF OPERATION POSSIBLE 


CENTRAL STATION CATERING 


it advertised in the GENERAL Evectric Revirw 


AUGUST, 1925 


800-H.P. Morse Silent Chain driving lineshaft. 
Driver 570 r.p.m., driven 202 r.p.m., 48-in. centers 


Flexible as Belts 


Positive as Gears 
More Efficient than either 


Morse Chain Drives provide a 
positive flexible transmission 
for power between parallel 
shafts. 


Used from motors to individual 
machines or to line shafts. 


Friction loss less than 1% per 
cent. 

From % h.p. to 5000 h.p. 
Speeds from 6000 to 250 r.p.m. 
or slower. 


Morse Chain Company, Ithaca, N. Y., U.S.A. 


Minneapolis, Minn. 

New Orleans, La. 

New York City, N. Y. 
Omaha, Neb. 
Philadelphia, Pa. 
Pittsburgh, Pa. 

San Francisco, Calif. 

St. Louis, Mo. 

Toronto, Ont., Canada 
Winnipeg, Man., Canada 


Atlanta, Ga. 
Baltimore, Md. 
Birmingham, Ala. 
Boston, Mass. 
Charlotte, N. C. 
Chicago, IIl. 
Cleveland, Ohio 
Denver, Colo. 
Detroit, Mich. 
Louisville, Ky. 


There is a Morse 
Engineer near you 
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AUDIO OSCILLATOR 


TYPE 213 
A rugged and reliable source of constant fre- 
quency for laboratory and factory test work. 
The output is 0.06 watt at 1000 cycles with 
voltage taps for 0.5, 1.5 and 5 volts. 
Described in Bulletin 713G 
Price $32.00 


GENERAL RADIO Co 


Manufacturers of 
| Radio and Electrical Laboratory Apparatus 
} Massachusetts Avenue and Windsor Street 
Cambridge 39 Massachusetts 


INSIDE MICROMETER 
No. 124 


Set C 


” 


“Their absolute certainty—.’’ ‘‘ Always 
accurate.’”’ ‘‘Thoroughly dependable.’ 
That’s strong language but it’s taken from 
letters machinists have written about the 
Starrett No. 124 Inside Micrometer. 


Ask your dealer to show it to you or write 
us for a copy of Catalog No. 23 ‘“KF”’ 
describing this and 2200 other fine tools. 


THE L. S. STARRETT CO. 
World's Greatest Toolmakers 
Manufacturers of Hacksaws Unexcelled 
Steel Tapes—Standard for Accuracy 
ATHOL, MASS. 


Starrett Tools 


8116 
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The Second for 
Cahokia 


It is duplicating the splendid 


Preserve your copies 


of the 
General 
Electric 


performance of the first equip- 
ment. These are serving 35,- 
ooo-kw. Turbines at Cahokia. 


ITTITIVINITTIPTT TIT PPT ITT PPTT DISD TTD D PPT D DPD EDR P URED RU PEDE EE PEPE EEE RECEP O LEE E eee 


These C. H. Wheeler Con- . 
densers are of the “DUAL Review 
BANK type whichidefleecs and at the end of the 


the hot condensate from the 
upper pass directly to the hot- 
well without refrigeration of 


year return them to 
the publisher for 
binding 


the lower tube section. 


C.H.Wheeler Mfg.Co. 


19th St., Lehigh and Sedgley Aves. 


Philadelphia 
haem Diteteter eer ene nese e eae 
PEPE EEEE EEE EEE eccre coors 
“C. H. Wheeler of Philadelphia” Pap haar eae td Papa Paes 


FITTTTTTITITINIIIITIITI TILLER PEPPERELL ES 


TCUUUOSESUOUCOSECUSEDESEDEGUSUDELEECSOOOESEEEECSUESEESCEOCUSSEEEODEDESECICODESCCELECEUETIEESEDETETETE 
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The J. G. White Engineering Corporation 


Engineers— Constructors 


Steam, Water Power and Industrial Plants, Transmission Systems, Oil Refineries and Pipe Lines, 
Hotels, Apartments, Railroads 


43 Exchange Place Reports and Appraisals 


New York 


FIRELESS WIRELESS 
FURNACES 


3000° C.—10 min.—carbon free 


AJAX-NORTHRUP 


high frequency induction 
furnaces. 
Write for G2 and $ 


; Say, ; 
Ajax Flectrothermic Corporation 
Trenton, Same —New Jersey 


E.P. ‘Northrup, Vice-Pres. 


Made in ae lubes 
and Special Shapes 


Branches: New 

York City, Bos- From the red, grey or black, sheets, 

ton, Chicago, rods, tubes and all special forms can 
Philadelphia, be sawed, stamped, turned, drilled, 

San Francisco, threaded and finished in many attrac- 
Los Angeles, tive ways. 


Detroit, All Spaulding branches are equipped 


Cleveland ‘ 
Gicinnati to make special shapes, 


G.H. Clamer, Press, 


“IRVINGTON” PRODUCTS 
Black and Yellow 
Varnished Cambrics Varnished Paper _-Varnished Silk 
Flexible Varnished Tubing 
Insulating Varnishes and Compounds 
“Cellulak” Tubes and Sheets 


IRVINGTON VARNISH AND INSULATOR CO. 
IRVINGTON, N. J., U.S.A. 


Sales Representatives in all principal cities 


(aml SPAULDING FIBRE CO., INC 
Fibre _ : 


i 
RY 320 Wheeler St. Tonawanda, N. Y. 


5 HARD FIBRE 


——— ARTIS EIC 
Ee =a me : Silk f 
: WAM E Ey In Design For S Seas 
. PLATES) Electrical 
(ye eras a In Quality ] ing Finest 
A ey Purposes 


_ Grammes Name Plates Wire 
: Etched, Stamped Or Cast— 
Identify Leading Products Of Every Field. 
We Can Create A Plate To Tell Your Story 


Effectively. Proof Sent Upon Request. 


L. F. GRAMMES & SONS, INC. 
392 Union St. Allentown, Pa. 
Mfrs. of Metal Specialties, Stampings, Formings, Etc. 


= SW 


o>) 


>> 
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ALL KINDS BRAIDING SILK 


William Ryle & Co. 


381 Fourth Ave, NEW YORK 
Cor. 27th St. CITY 


Chicago 


Cleveland 

Cincinnati = opal a 

me Minneapolis 
etroi : Philadelphia 

Indianapolis Pittsburgh 
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JOHN A. STEVENS 


Consulting Power Engineer 


8 Merrimack Street 


Lowell, Massachusetts 


SARGENT & LUNDY 


Incorporated 


Mechanical and Electrical 


Engineers 


1412 Edison Building 
72 West Adams St. Chicago, III. 


DWIGHT P RoBINSON & COMPANY 


INCORPORATED 


Design and Construct 
Power Plants 
Hydro-Electric Developments 
Industrial Plants 
Railroad Shops and Terminals 


125 East 46th St., New York 


Chicago Montreal 


Philadelphia Rio de Janeiro 


Los Angeles Atlanta | 


A. L. DRUM & COMPANY 


Consulting and Contracting 
Engineers 


Valuations and Financial Reports 
Construction and Management 
of Electric Railways 


230 South Clark Street CHICAGO, ILL. 


PUBLIC SERVICE PRODUCTION Co. 


Engineers and Constructors 


Design and Construction of Power Plants 
Substations and Industrial Plants 
Examinations and Reports 


Valuation and Management of Public 
Utilities 


80 Park Place Newark, N. J. 


McCLELLAN & JUNKERSFELD 


Incorporated 


ENGINEERING AND CONSTRUCTION 


Power Developments, Industrial Plants 
Examinations, Reports, Management 


NEW YORK 
68 Trinity Place 


Philadelphia 


Chicago St. Louis 


THE FOUNDATION COMPANY 


Engineering Construction 
Steam and Hydro-electric Power Houses 
Dams Transmission Lines 
Industrial Plant Construction 
Superstructures as well as Substructures 


120 LIBERTY STREET CITY OF NEW YORK 


Offices in principal cities throughout the United States and abroad 
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We don’t die- 


W Vine looking over part after part that 
we die-cast for electric washing machines, 
a prospective customer was led to remark: 
“Why, you seem to die-cast everything except 
the soap and water.’’ 


UCH is virtually the case. Manufacturers 
of electric washers make extensive use of 
die-castings. We die-cast at least two 
dozen different parts for washing ma- 
chines including such large pieces as com- 
plete wringer frames, stomper arms, and 
gear boxes. 


HE metal disk illustrated is a washing- 
machine part. It is what makes a cer- 


This is one of a series of ad- 
vertisements describing some 
of the interesting and unusual 
uses of die-castings in various 
fields. 


cast the suds 


tain electric washer wash. Measuring almost 
a foot and a half across its face and weighing 
close to four pounds, this disk is one of 
the largest aluminum die-castings ever manu- 
factured. 


Wis parts heretofore considered too big 
to be die-cast are now being turned out 
successfully. Try us if you have a large 
part that you want die-cast. 


When you buy die-castings from us, you 
are assured of the same high quality that 
has established our Dutch Boy trademark 
as a mark of excellence on babbitts, 
solder and paint materials. 


INGASL POONTAS Lb EAL Dy CO MPA NY 


111 Broadway 


Die-Casting Division 


New York, N. Y. 


Western Representatives: E. R. McCormick, 2599 Cadillac Ave., Detroit, Mich.; A. H. Bergedick, 
667 Bowen Street, Dayton, Ohio. A. A. Gildemeister, 444 Fourth Street, Toledo, Ohio. 


ALUMINUM, ZINC, LEAD and TIN 


DIE-CASTINGS 


Trade Mark 


Why Sundstrand Stub Lathe Uses 
Link-Belt Silent Chain Drive 


ECAUSE it is a modern manufactur- 

ing lathe, for machining automotive 

and other parts manufactured on a pro- 

duction basis, the Sundstrand Stub is 

equipped with suitable drive—Link-Belt 
Silent Chain. 


With this drive, users are assured of max- 
imum output, since Link-Belt Silent Chain 
maintains positive velocity ratio between 
shafts, permitting a uniform production 
rate, with fewer “‘rejects’’ because power 
is delivered smoothly, without vibration. 
The durability of the drive, assuring long, 
trouble-free operation, further contributes 
to greater output of the machine. 


Link-Belt Silent Chain Drive 1s 98.2% 
efficient (on actual test), flexible, com- 
pact, may be used on short or long cen- 
ters, and operates equally well in hot, 
cold, damp, dry, or gritty places. 


Keen competition in industry, with its 
demands for more efficient machines, . 
makes these advantages of vital impor- 
tance to every machine tool user and 
builder. 


Link-Belt engineers will be glad to show 
you how you can use this effective drive 
on yourmachines. Write to nearest office. 


Ask for Silent Chain Data Book No. 125. 


LINK-BELT COMPANY 


Leading manufacturers of Elevating, Conveying and Power Transmission Chains and Machinery 
CHICAGO, 300 West Pershing Road 
Cffices in Principal Cities 


PHILADELPHIA, 2045 Hunting Park Ave. INDIANAPOLIS, P.O. Box 85 


AD, 


er 


